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VYdcOgn  in  publifhing  this  Book,  was, 
^   that  the  Celeftial  Phyfics,  which  the 
^  moft  fagacious  Kepler  had  got  the 
of,  but  the  Prince  of  Geomctcn  Sir  Ifaac 
pn^brought  to  fuch  a  pitch  as  furprifcsall 
iTorld,  might,  by  my  care  and  pams  in  li- 
lting, become  eaiter  to  fuch  as  arc  dcG- 
of  being  acquainted  with  Philofophy  and 
itaomy.    The  Title  informs  you  fuffici- 
:that  the  Arithmetical  OrCalcuiatoryprt 
ftronomy  is  here  omitted,  tho*  that,  pcr- 
j  itoy  be  publiQied  hereafter  in  its  proper 
^  As  for  the  Phyfics,  it  is  all  taken  out  of 
Ibovemention'd  Authors 5  but  is  here  intcr- 
with  Aftronoray,  in  fuch  places  as  fccm'd 
arid  convenient  ^fthe  Geometry  to  be  met 
ir,  I  have  either  borrowed  elfewhere, 
[Ooted  the  place  where  'tis  to  be  found, 
A  a  or 


The  Author^s  PrefaceJ 


or  dclh'cr'd  it  Lemmatrically.  Whatever 
is  done  iu  each  Scftion,  you  have  it  exprefs'd 
either  in  the  Title  or  Preface  thereof,  in  fuch 
a  manner,  as  that  thofe  who  are  lefs  vers'd 
in  the  more  abftrufe  parts  of  Geometry,  or 
lefs  concerned  about  the  Phyficai  parts,  may 
pafs  over,  and  only  read  the  Aftronomy  fepa- 
ratcly  and  diftinft.from  them. 

TheCcleftialPhyGcs,  orPhyCcal  Aftrono- 
my,  is  not  only  the  firft  in  dignity  of  all  inqui- 
ries into  Nature  whatever,  but  the  firft  in  or- 
der, becaufe  it  is  the  eafieft.   For  the  Sun  and 
Planets  are  feparared  from  one  another  by  fo 
immenfe  a  diftancc,  as  renders  them  incapable 
of  exerting  moft  of  thofe  forces  whereby  all 
Bodips  aft  upon  one  another;  fo  that  they 
have  no  other  force  left  them  whereby  they 
can  afFeft  one  another,  but  the  fingle  force  of 
univerfal Gravity:  Whereas  in  theproduftioft 
of  feveral  Phaenomena,  that  are  obferv*d  upon 
our  Earthjinnumerable  other  forces  are  exerted, 
fuch  as  are  very  hard  to  be  diftinguifli'd  from 
one  another;  which  notwithftanding,  if  not 
accurately  done,  in  vain  do  we  attempt  Nature, 
and  make  any  inquiry  into  it.    Upon  this  ac- 
count it  is,  that  every  Problem  iutheTerr^ 
flrial  Phylics  is  very  operofe  and  pcrplex'd,  on 
the  contrary,  in  the  Celeftial  Phyfics,   much 
more  eafy  and  Gmple;  tho'  even  the  latter  ha? 
its  difficulties,  ariiing  from  the  different  di- 
ftances  and  magnitudes  of  the  Celeftial  Bodies. 
For  the  Fix'd  Stars  are  fo  vaftly  diibnt  afun- 
der,  that  they  have  no  mutual  aftion  upon 

each 
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)t2ier«  obfervable  by  us  who  are  the  fn« 
idts  of  the  Earth.  The  Primary  Pla- 
te remov'd  fo  far  from  each  other,  that, 
laey  have  fome  fmall  power  and  cffcd 

Ieaootber,  yet  we  cannot  be  fcnGblc 
|i  after  many  Years  obfervattoa.  The 
7  Planets  are  not  at  fo  great  a  di- 
I  from  their  Primaries,  or  from  the  Sun, 
iat  they  may  be  confiderably  afPcdcd  by 
mtn  of  both^  (if  regard  be  had  to  the 
:iry  of  Matter  that  is  in  thcfc  latter,)  and 
s  the  fpring  of  thofc  manifold  inequali* 
und  in  them,  fuch  as,  for  inAancc,  mani« 
fbews  itfelf  in  our  Moon  ^  which  yet  is 
ig  at  all,  if  compar'd  with  the  incquali- 
)und  among  Tcrreftrial  Bodies,  which 
ted  upon  by  an  innumerable  variety  of 
forces,  preffing  every  way  upon  than, 
at  thofe  perfons  feem  to  apply  their 
its  but  to  a  very  indiiferent  purpfc  in 
ady  of  Nature,  that  overlook  this  part 
ronomy,  from  whence  the  principal  and 
imple  Laws  of  Nature  arc  to  be  liiim'd. 
tnone  may  think  the  Phy Gcs  delivcr'd  in  1 
lowing  Work  intirely  new  and  unknown 
ronomy,  I  fhail  take  the  libert)'  to  ihewr 
t  was  both  known  and  diligently  culti- 
by  themofl:  ancient  Philofophers.  And 
dwell  a  little  longer  upon  this  argument, 
b  there  is  no  need  of  ("pending  a  Preface, 
upon  the  order  of  the  parts  of  this 
,  which  may  be  feen  iu  the  Index,  or 
lie  ufcfulnefs,  dignity,  hiftory  and  pro- 
A  3  grcfe 
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gTcfs  of  Aftronoray,  or  even  of  the  true  Sy* 
Item  of  the  World,  approv'd  of  hy  Pythagoras^ 
and  others  among  the  Ancients^  thefe  things 
being  all  of  them  treated  of  at  large  l^  the 
common  Writers  of  Aftronoray.  What  I  {hall 
now  therefore  make  out  is,  that  we  do  ftill 
tread  in  the  ftepsof  the  Ancients  in  this  Fhy- 
fical  Aftronomy^  inafmuch  as  they  knew  that 
the  Celeftial  Bodies  gravitated  towards  each 
other,  and  were  retained  in  their  Orbits  by  the 
force  of  Gravity  J  and  were  aifo  a^^tized  rf^ 
L   the  Law  of  this  Gravity.  *    '  •    •  J  ^ 

For  if  we  look  back  to  the  firft  Rife  of  A- 
ftronomy,  and  take  a  view  of  it  in  its  Infancy, 
as  it  were,  we  ftiaJl  find  nothing  better  ap. 
prov'dof,  nothing  more  uni\'crfally  entertain- 
ed among  the  feveral  Sefts  of  Philofophers, 
than  this  notion  of  the  Gravity  of  the  Cele- 
ftial Bodies*  That  faying  is  well  known,  fo 
often  ufed  by  *  JnaxMgoraSy  and  hisScholars, 
^Jchelaus  and  ^Euripides.  Namely,  "That 
**  the  Sun  and  Stars  were  fiery  or  red-hot  Stones 
**  zn^Golde^i  Clods"  Of  the  fame  mind  alfa 
vrtit^Vemocritus^  MatrodoniSy  and  ^Diogenes 

-  —     I  — ^^j^^^^^^^^^i— ■— ~^.^— ^-^^-^^■^p^^.^^^i— ^— — ^^.^.^^ 

a  He  agirm'J  the  Sun  to  he  a  Maft  $/  Rtd-ht  /rwr.  Diogjl 
lacrt.  in  Anixag.  That  the  fubflance  of  the  Sun  was  Stonh] 
$bdt  of  the  Moon^  Edrth.    PUt.  in  Apol.  Socr. 

bTbat  the  Stars  were  Piates  of  Aed  hot  Iron.  Stob.  Ed,- 
Pbyr.  cap  2<. 

c  rheyfaji  that  Euripides  ufed  to  cail  tlje  Su»  s  Clod  ofGoiJ^ 
or  Golden  Mafs.     Dlog.  Uci,  in  Anavig. 

d  Anaxagoras,   Dcmocritus  and  Alctrodorus -x^cmV,  thai 
the  5««  was  a  Mafs  of  Iron  ar  Stone  red  hot.      Plut.  dc  Placit*, 
Fhil.  lib.  2.  c.  ao, 

€  Diogcnc*  thsuiht  that  thefuhdanee  of  the  Stars  was  nol  «9-J 
pkt  that  of  a  Pumice  Stone,    Ibid,  c.  1 5 , 
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Pexpredions  tbey  meant  no  morei  than 
ey  were  beavy^  dcnfis  and  fix'd  Bodies, 
m  Stonts  arc)  fo  as  to  bear  a  conGdcra- 
gire  of  heat:  And  that  fhxi  u'as  really 
neaning  will  evidently  appear,  if  tre  do 
fquire  more  narrow^  into  the  firft  Au- 
Dt  this  Opinion,  f^r,  as  we  arc  told 
CTnocritus^  thefc  notions  about  the  Sun 
:oon  are  not  to  be  afcrib'd  to  Mtax^go^ 
their  original,  for  he  had  really  £)r« 
them  of  the  Ancients.  Nor  is  it  a  difii- 
Btter  to  find  out,  who  they  were  that  he 
7'd  them  of,  or  from  whom  tbey  were 
1  down  to  him.  He  had  them  m)m  his*^ 
t^Anaxirasnes^  whofe  Oj)inion  wc  kix>w 
Jiat  the  Stars  were  of  a  her)*  nature  and 
BCe,  that  there  were  alfo  mingled  with 
certain  Earthly  Bodies,  which  were  car- 
ound  about  them,  the'  not  viGble  to  us: 
lich  words  he  plainly  means.  Planets  of 
sftrial  nature,  performing  their  revolu- 
in  thcSyftcm  of  every  Fix'd  Star.  Thefc 
as  Anaxhftaies  received  from  Anaximan- 
AnaxivianJdf  from  *»  Tbales  himfelf,  who 
he  Head  and  Founder  of  the  Janic  Philo- 
A  4  fophy  5 

ivorinus,  )n  bis  varivct  /fiftory^  reUtti,  that  Dcmocricus 
faj  of  Anaxagoras,  tlut  the  Opimns  tth'ich  ht  t4uiht 
•}ng  the  Sun  and  Moon^  tvtre  not  bii  own,  tkt  fjvrmore  and' 
'M  Anuxagora&V  tl/nt  ^  and  rfjAt  be  b^d  lisilen  them,  Lacrc 
nocrit. 

.naxiniencs/rffi/,  the  ndtme  of  the  SUrs  were  fitry^  and 
Ure  were  certahi  terrepr'ut  Bodiet  thst  €re  im/ifible^  earned 
tr  about  them.  Stob,  i'x\.  Phyf.r,  35. 
rhalcs  Wits  effipinton  that  the  Stars  confifled  of  4J1  Eartbtf 
BCfp  wbicb  WAS  ccntimtaUjf  rtd-bot.  Scob.£cI.  FinKc.  25. 
fo  Ftuwch.    DC  rUc.  rhylof.  liU  2*  c.  1 3.. 
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fophy5  and  fpread  this  opinion  of  the  Gravi- 
ty of  the  Fixd  Stars  among  his  Sed.  Not 
did  this  Doftrine  concerning  the  Stars  flop 
here,  but  afterwards  it  diftus  d  it  felf  thro* 
the  Italic  Philofophy,  the  '  followers  of  which 
raughr,  that  eacli  Star  was  a  World  in  the  in- 
finite jEchcreai  Space,  containing  Earth, 
Air  and  JExhcVj  and  that  the  ^  Moon,  not  on- 
-iy  was  like  our  Earth,  but  inhabited  by  Ani* 
malsof  a  larger  fize,  and  furnilh'd  with  Plants 
of  a  more  beautiful  appearance. 
r  Nor  were  they  fo  abfurd  in  their  concep- 
tions about  Gravity,  as  to  think  that  it  was 
done  by  the  virtue  of  any  point  within  the 
Earth,  or  of  a  Center,  to  which  all  heavy  Bo- 
dies placed  any  where  tended  5  but  they  thought 
it  was  done  by  the  ^  power  of  the  whole 
Matter  in  the  Terreftrial  Globe  attrafting  all 
things  to  it  felf:  And  as  the  power  of  the 
Loadftone  is  cooipos'd  of  the  powers  of  the 

fevera! 


i  The  Pythagoreans  af^ym*d,  thaf  every  Star  h  a  Wwt4  '»  '-&' 
hfintte  ALthercAl  Sf^ace^  xehetein  are  lontatrCd  Earthy  A'lr^  and 
•JLther,     I'luc.  de  Plac.  Philof.  Lib.  2.  c.  15. 

k  The  I'ythagofcjtis  ajferted^  that  the  Mwnfum'd  to  be  cfs 
fimUdt  iiitturc  nith  the  Earth,  it  is  inhabited  as  our  Earth  ix, 
h  4tiimilr^  th^'  of  a  larger  fixe  than  o«r/,  and  fitl'd  with  the 
fame  Ptants^  tb]^  mncb  m^rc  beautiful  than  oan,  Pluc.  dc  Plac. 
I'hil.  Uh.  2.  c.  50. 

I  And  )et  if  ^lery  heavy  Body  inclines  towards  tt}e  htue  place^ 
find  dies  trith  tverj  one  of  its  parts  tend  to  its  middle  or  center^ 
jhc  J^ttrth  certainty  will  n^t  appiopri.ite  to  itfelfthefe  heavy  Bodies^ 
,feh'i(h  dre  its  p^rts^  becaufe  it  is  the  Center  of  the  Vnivetfe^  but 
ttthet  tecattfe  it  is  the  whjle^  of  which  they  arc  the  pzrts,  PJuc. 
de  ficic  in  Orbc  Liini. 

4s  fdt  that  which  is  incorporea!,  *tis  rt^it  probable,  norwiSthex 
ihemfelies  sUtw  it  to  hetojjefi'dvith  fo  great  apower  as  todfax 
0  t tings  tswafdj  i/,  andtct.tin  them  about  it,    ibid. 
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I  parts  combined  together,  fo  tbcy  bts 
that  the  Gravity  towards  the  whole 
»  reCulted  from  the  Gravity  towards 
ingle  partof  ir.  Befidcs,  tbcy  bclicv'd 
was  a  '^Gravity  towards  the  Moon  and 
ading  in  the  iame  manner  as  it  does  to» 
the  Earthy  and  that  each  «  Planer,  iikc 
le,  whirl'd  in  a  fling,  was  kept  in  its 
by  the  (amc  principle^  and  for  the  fjme 
I  revolving  always  about  us.  Ftom 
hings  menf ion'd  by  ^  T>iog^enes  Latrthu^ 
tung  Plato^  which  alfo  are  obrcurdy 
1  at  in  his  ^  Timmu^  I  am  ape  to  believe 
4  Galileo^  that  the  divine  Philofopher 
i'd  the  Mundane  Bodies,  when  they  u*cro 
ffracd,  were  moved  with  a  Rcdilincir  nio- 
hv  the  means  of  Gravity,)  but  after  that 
1^  they 


ithis  meeting  ttgetbcr  of  Bodies  bere,  toad  their  eaatiti^n 
with  the  Enrtb's  B)Jj^  p^ew  ur  the  matmer  how  it  h  pr#- 
)$  9b9  pMTtfy  which  4te  ajjfhnhlei  at  the  AhaiCt  Mj^  cM' 
}  there  J 

the  Moon  is  help'J^  anJ  prefiervd  fnm  fillini  ^Jw*i  h 
Motion  and  that  impetuofity  of  her  Revolution  \  as  Stones 
'  weighty  Bodies  f¥t  in  Slinis  and  /»»»'«^  round,  are  kept 
^pin£  out  by  the  fwiftnefs  cf  their  AUti^n^  and  their  bctn^ 

Wcularlj.     • Wherefore  the  Mton  does  mt  move 

'diy  as  tfT  own  wtiiht  wxud  n^turalty  earry  her^  her  ten* 

<tt  way  being  flopt  bj  the  violence  of  her  circkiar  revoU^ 

bid. 

'.[e  at  firji  were  mov*din  a  eonfns^d  and  irregular  manner^ 

n  they  were  dntty  adjkfted  and  rigbtty  fettled^  then  the 

•as  eJiadUfh'd  by  God  in  juji  order  and  proportion,     f}ii>g. 

iPlac. 

gave  it  a  Motion  altogether  agreeable  to  its  nature  as  4 

at  is  a  direB  witf,)  and  a  little  further.     Therefore  he 

tds  made  it  antinkeits  ccnrfe  jnaCircI^,  rbl.inTfincuu 
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they  had  arrived  to  fome  detcrmincdplaces,ihcy 
began  to  revolve  by  degrees  in  a  Curve,  the 

Jleftilinear  Motion  ceing  changed  into  [a  Cur* 
vilinear  one.  Tis  from  this  Doftrinc  of  Gra- 
vity, that  all  Bodies  gravitate  mutually  to  one 
another,  'tis  by  this  that  ^Luctetlus^  taught 
hy  Epicimis  and  Democritus^  labours  to  prove, 
that  thcUniverfe  has  no  Center  or  loweft  Place, 
but  that  there  is  an  infinity  of  Worlds  like 
GUIS  in  the  immenfe  Space.  His  Argument 
xuns  thus^  If  the  nature  of  things  were  bound- 
ed any  where,  ttun  the  outmou  Bodies,  iincc 
they  have  no  other  beyond  them,  towards 
which  they  may  be  made  to  tend  by  the  force 
of  Gravity,  wou*d  not  (land  in  an  Equilibrio, 
but  make  towards  the  inner  and  lower  Bodies, 
being  neceflarily  inclined  that  way  by  their 
Gravity,  and  therefore  having  made  towards 
one  another,  during  an  infinite  fpace  of  time, 
would  have  long  ago  met,  and  lye  in  the  mid- 
dle of  the  whole,  as  in  the  loweft  place.*  'Ti§ 
evident  therefore  from  hence  that  Lttcretius^ 
and  thofe  whom  he  followed,  believ'd  that 
all  Bodies  did  Gravitate  towards  the  Matter 
placed  around  them,  and  that  every  fingle  Bo- 
dy was  carried  by  the  more  prevailing  Gravity^ 
towards  tliat  region  where  there  was  moft 
Matter. 

As 


r  5  p^9ft  thfj  aS  bud  B9utnis,  fuppofe  an  EnU  -, 
Then  Bakicf  mhkh  by  S\tture  muj}  defcenet. 
And  from  Etevmt^  futfk^d  the  Ktue^ 
J/4d!cp4  i*cr  thU  time  vuck'd  (be  LimJ}  ?hct.  lucr.I.  i  .r. 
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manifcft  that  the  Ancient*  m^crc 

id  of|  ai)d  had  difcover'd  the  Gnvity  of 

lies  toirtrds  one  another.  To  alfo  ihcy 

K>t  unacquainted  with  the  Law  and  Fro* 

n  which  the  adion  of  Gravity  obfcn'd 

ling  to  the  different  Matfes  and  Difbn- 

For  that  Gravity  is  proportional  to  tbc"^ 

Aty  of  Matter  in  the  heavy  Body,  '  Lw- 

\  docs  fufficientiy  declare,  <  as  aifo  that 

Mt  call  light  Bodies,   don't  afocnd  o£ 

R^  accord^  but  by  rhe  aftion  of  a  force 

neath  them»   impelling  them  upwards, 

9  a  piece  of  Wood  is  in  Water  j  "  and 

er,  that  ail  Bodies,  as  well  the  heavy  as 

ight,  do  defcend  in  vacuo^  with  an  eqtui     ^ 

ity.  It  will  be  plain  likewife,  from  what  I  ^[  ^| 

prefently  obferve,thatthe  famousTheoreni     ^| 

t  the  proportion  whereby  Gravity  dccrea- 

aj  receding  from  the  Sun,  was  not  un- 

ra  at  lead  to  P/tba£oras,    This  indeed 

tio  be  that  which  he  and  his  followers 

Id  Cgnify    to  us  by  the  Harmony  of  the 

trcs:  That  is,  they  feign'd  /Ificffo  phying 

a  an  Harp  of  feven  Strings,   by  which 

iboly   as  it  is  abundantly  e\'ident  froni 

!wj?,  Macrobius  and  Cenforhus^  they  meant 

Sun  in  Con  juuftion  with  the  Icvcn  Planets, 

for 


Befidts  \  wh  have  mf  Bftdies  tqaat  Wt'tght 
I  f fro/f,  wh^e  figure  it  but  jitfi  us  guai  f    Lucr.  1. 1.  v.  4 1  (• 
^nd  this  I  thhk  a  proper  pUee  to  prove^ 
i  Mthing  of  it  feffcdtt  itpypdrdt  move,         tucT.  La.  r,  x  78. 
Thcrefire  tbra'  Vud^  untqvml  Weights  rrtufl  ft?, 
'Swift  in  Motion^  all  of  like  degree..  Lucr.  1.3.>.32t« 

^Flia.  ]ib.2*  Cr43.    Macrob.  ht>.  i. f.19.    Ccaforin§c.O. 


The  Mithor^s  P  r  e  f  a  c  fV 

for  they  made  him  the  leader  of  that  Septetjary 
Chorus,  and  Moderator  of  Nature^  and 
thought  that  by  his  Attradivc  force  he  afteii 
upon  the  Planets  (and  called  it  Jupiter's  Prir 
jlon,,  becaufe  it  is  by  this  Forc^  that  he  retains 
iandlteepB  them  in  their  Orbus,  fropi  tiy ing  off 
in  Right  Lines)  in  the  Harraonical  ratio  of 
their  Diftances.  For  the  forces,  wher^jby  c? 
ijwl.  Tendons  aft  ufjon  Strings  of  difFereijif 
Jetigths  (being  equal  in  other  refpefts)  are  re- 
— ■  iciprocally  as  the  Squares  of  the  lengths  of  thq 
'L  Strings.  ^ 

;    y  For  Pythagoras  as   he  was  ^  pafllng  by  a 
.Smith's  Shop,  took  occafipn  to  obfer\'e,  that 
)the  Sounds  the  Hammers  made,  were  more  ac- 
cute  or  grave  in  proportion  to  the  weights  <^ 
the  Hammers^  afterwards  ftrerching  Sheep^ 
Guts,  and  faftning  various  Weights  to  theni, 
lie  learn 'd  that  here  likewife  the  Sounds  were 
proportional  to  the  Weights.    Having  fatisfy'4 
lirafclf  of  this,  hb'invcftigated  the  Numbers, 
according  to  which  Confonant  Sounds  wzx^ 
generated.     Whether  the  whole  of  this  Story 
ic  trijc,  or  but  a  Fable,  *tis  certain  Vythago- 
><rx^  found   out  the  true  ratio  between  the 
found  of  Strings  and  the  Weights  fallen  d  to 
them.     The  fame  Tenfion  afts  upon  a  String 
fhort  again,  four  times  more  powerfully: 
or  it  produces  an  Oftave,  and  an  Oftave  is 
founded  by  a  force  that  is  four  times  greater^ 
for  if  a  String,  put  upon  the  ftretch  by  a  given 

Weighty 

,  y  Macroblus  lil^  2.  ^fomc.  ^cijj.  cip.  1, 


iiaiA 


bor*s  P  R  £  K  A  g"e, 


Ji 


;  generates  a  given  Tone,  the  fame 
Iretch'd  by  a  Weight  four  times  greater, 
luud  an  Odave,  Thus  likcv?ifc  the 
cnfionupon  a  fubfcfquiakcfan  Chords' 
i  a  double  fefqon  r;?t!o:  For  ic 

es  a  Fifth  or  D.«i  ^..  v,  and  a  Strinf^ 
inds  a  given  Note,  with  a  given  Weight* 
CO  be  ftrctch'd  by  a  Weight  that  is  ar , 
fefquiquartan  to  found  arifth.  Atkl 
^y,  the  Weights  which  generate  all 
■n  Strings,  are  reciprocally  as  the 
$  of  the  lengths  of  Strings  of  equal 
\  producing  the  fame  found  in  any 
t  Inftrument.      Fytbagoras  afterwards  "1 

the   pro[)ortion   he  nad  thus  found 
eriments,   to  the  Heavens,  and  from 

learn'd  the  Harmony  of  the  Spheres. 

by  comparing  thefe   Weights  with 
aghts  of  the  Planets,   and  the  inter- 

the  Tones,  produced  by  the  Weights, 
tie  interval  of  the  Spheres^  and  laftly, 
igths  of  Strings  with  the  Dilbnccs  of 
aicts  from  the  Center  of  the  Orbs  5  he 
:ood,  as  it  were  by  the  Harmony  of  the 
is,  that  the  Gravity  of  the  Planets  to- 
the  Sun  (according  to  whofe  racafures 
lanets  move)  were  reciprocally  as  the 
:s  of  their  Diftances  from  the  Sun.  J 

have  thus  far  been  (hewing  what  was 
)inion  of  the  Ancients  concerning  Gra- 
and  it  is  evident  they  were  perfwaded 
Jravity  was  not  an  affedtiou  of  Terre- 
Bodies  only,  but  of  the  Celcflial  alfo, 

that 


tbaftill  B  odies  gravitate  towards  one  aobtliii^ 
and  that  the  Plaiieti  htt  retained  in  their  Or^ 
^its  by  the  force  fCriF  Cjavity,  aod  laftiy,  that 
the  Gravity  of  th£  Piape($  tettruds  thfe  ^tt 
ate  ttciprocally  as  the  Squares  of  diejr  Di* 
^nces  from  it.  .Whftt  tfaemdU£(lryand  ikiU 
of  the  Moderns  have  added  to  thefe  inventi- 
Ms  of  the  Andents*  the  felk>wiog  Pj^cs  do 
Ifl^reatkrge. 
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THE 


BLISHER 

TO    T  HE 

EADER. 

vB  ScimcB    p/  A  S  T  R  O  N  O  M  Y, 

wbicb  u  as  nmch  efleem^d  and  ad* 

for  its  great  and  manifold  ufcs  for 

mce  of  Mankind^  as  it  is  delightful 

Pertaining  to  the  fwre  curious  and 

iflative^  has  in  all  ages  been  cul* 

d  and  improv^dy  by  Men  the  mofi 

nt  for  their  parts  and  learning;  and 

7  brought^  as  it  wer^y  to  the  ut^ 

legree  of  perfeRion^  and  that  ebiefiy 

•  fuperior  QeniUs  and  Induflry  of 

of  our  own  Nation.     But  fmce  no^ 

confiderable  therein^  has  been  as  yet 

in  our  orpn  Languagey  I  thought  I 

not  oblige  my  Country^Men  more 

in  publijbing  an  Er^liih  Edition  of 

mofi   valuable  and  finifh^d  piece  of 

\Q^Q^Y  now  extant,     Jt  is  generally 


.cu: 


i 


The  Eublilher  to  the  Reader; 

reckoned  to  be  a  Book  that  contains  not  on^ 
all  the  Difcoveries  and  Philofophical  Sentz^ 
mcnts  of  the  great  Kepler,  and  the  various 
Hypothefes  of  the  moft  notyi  Ajironomers 
before  and  fince  his  Time  ;  but  is  chiefly 
valued  by  the  beji  Judges ^  for  the  large 
and  infiruSiive  Comments  delivered  in  ity 
on  the  Writings  of  the  ilhflriom  Sir  Ifaac 
Ncwron,  as  well  as  on  the  feveral  Aflro* 
nomicalDiffertations  of  the  fagaciom  Dr. 
Halley,  which  the  Reader  mil  find  here 
every  where  interfpers^d. 

And  in  order  to  render  this  work  as 
eompleat  as  poffible^  I  jhall^  in  a  very 
little  timcy  prefent  you  with  another  F(7- 
lumey  containing  correct  Afironomical  Ta^ 
bles^  for  the  ready  compirting  of  the  Pla* 
tlets  Places  J  Eclipfes,  &c.  all  done  by  it 
Perfon  of  known  ability^  from  the  true 
Theory  of  Gravity ^  deVwcr'd  in  thu  Bookf 
For  it  was  by  no  means  fudged  proper  that 
I  fljould  annex  to  fo  intire  a  piece  as  this 
Uj  any  imperfeB  Tables^  drawn  from  a 
different  Principle  from  what  is  here  efla^ 
jtflifhedy  Juch  it  feems  allthofe  as  yet  pub^ 
liflnd  are. 

THE 


ME  NTS 

Of 

ironomy, 

and  Geometrical 


i'he  First  Book. 
?  Syftem  of  the  World. 
Section  I. 
g  the  Order,  P-^^— ^-^   md  Pcri- 
f  the  Primary  PL  ng  about 

;un,  and  the  principal  Pbxnomcna 
:c  ariliug. 

Proposition  I. 

|0  gpve  a  general  'cc^tmt  ofthcOrJety  and 
Verkds  of  the  Primary  Planets  re^'olv'mg 
about  the  Sun^  and  their  Dijhnces  from  hj 

Kr  U'i  grt  10  think  cftbe  Comer f  and  Fixt 

Sun  is  to  be  look'd  upon  as  immovable, 
ccd  in  che  mWft  of  that  immenfe  Spce; 
B  in 


The  Elements         BookL 

in  which  the  Planets  perform  their  Revolucionj, 
And  there  are  fix  opake  Spherical  Bodies  that 
revolve  ubout  it,  as  their  Center,  from  Weft  to 
Eaftj  \_Fig.  I.]  from  A,  along  5,  C,  and  D,  in  chc 
follovi/ing Order:  Mercury neareft  theSun^com- 
pleating  its  Revolution  in  about  three  Months; 
next  to  Mercury,  Venus  in  about  feven  Months 
and  an  half;  then  the  Earth  in  a  Year;  Mars  in 
about  two  Years;  Jupiter  in  twelve;  and^  laftof 
all,  Saturn,  which  is  ourermoft,  in  thirty.  Their 
Diftances  from  the  Sun  arc  nearly  the  fime  as 
chey  arc  reprefented  in  the  Scheme  :  namely, 
fuppofing  the  diftance  of  the  Earth  from  the  Sun 
to  be  divided  into  ten  equal  Parts,  of  thcfe  the 
diftance  of  Mercury  will  be  about  four,  of  Ve- 
nus feven,  of  Mars  fifteen,  of  Jupiter  tifcy  two, 
and  that  of  Saturn  ninety  five. 

'Tis  to  be  obfcrv'd,  that  all  their  Orbits  are 
not  in  the  fame  Plane,  but  varioudy  inclined  to 
one  another;  ib  that  fuppofing  the  Plane  of  the 
Earth's  Orbit  to  coincide  with  the  Plane  of  this 
Scheme,  one  half  of  the  Plane  of  any  other 
Planet's  Orbit  will  be  above,  and  the  other  half 
Iclow  it:  fo  that  the  Planes  inrerfe<ft  in  a  Line 
that  pafles  thro'  the  Sun. 

fiefides  the  aboveniention'd  Planets  moving 
round  the  Sun,  there  are  likewifc Comets;  ana 
fhefe,  if  they  are  Lifting  in  their  Nature  and 
Morions,  move  in  very  exccntric  Orbits,  and 
confequently  Oiew  themfclves  only,  when  rhey 
are  in  thofe  Parts  of  their  Orbits  chat  are  fieareft 
ro  us  and  the  Sun:  Some  of  them  move,  like  the 
Planets,  from  Weft  to  Eaft,  others  from  Eaft  to 
Weft;  Ibme  again  from  North  ro  South,  and  laft- 
ly,  others  from  South  to  North.  TheirOrbirsarc 
various  and  different  in  Magnitude,  Situation, 
and  Inclifiacion  boch  to  one  another*  and  to 

'       ttie 


of  A^jKoao^w         J 

of  ihft  Vhncts.  Their  Period*  arp 
ret  known  from  Obrcrvation,  nor  in- 
\i  fully  cenaioj  chat  (hey  move  in  Lines 
irn  ■        *      "^ '  -     But:*!)  thcfcdiingi, 

,  icd  by  proper  Obl^- 

made  in  future  Ages. 


Tcribing,  each  having  one  of  choic 

r- '  ^-'^ "-^  ''-  VfrfM, 

ring, 
Piunccs  and  Coaict$  of  in  own  ror 
»ur  it. 
igh  at  fifft  en  have  a  gcncr:^!  con* 


om  the  Sun,  n  ^wn,  arc 

':  ec  they  nrc  aeafcit '  h 

-i.    Again,  cho*thcl\-, .y 

not  perfcd  Cirdcs  conccnrric  ca 
id  the  Motion  cf  the  fame  IManccnoc 
juable;  yet  the  dificrcnce  is  fo  fnuU^ 
y  need  nor,  at  prefent,  be  taken  otl^er- 
U  byObfcrvjtions  and  Methods  of  ufing 
icreafcer  to  fee  ftewn  in  cl-eir  proper 
til  thefe  things  fhatl  be  precifdy  and 
ettled,  and  there  niceties  examined  j  or, 
till  the  fame  are  purpofely  handled,  in 
inquire  into  their  Phyfical  Cauia. 

B      PROPOatTlOK  H. 
itfmht  the  Pb^nomemt  that  r.rife  from  tbt 
aation  <f  the  Sun  and  moi'um  of  tbt  E^ikf 
I  above. 

If  the  Obferrcr  be  fuppos'd  to  be  plac*d 
iun^  'tis  evident  the  Earth  will  fecm  to 
move  from  Weft  to  Eaft  perpetually,  as 
B  a  really 


^2L 


^  T/^^  Elements        Book  I. 

really  it  docs.  Then  fince,  befldes  the  Earth,  onr 
Obferver  fees  the  Fixt  Scars  plac  d  round  him, 
as  it  were  (the  nature  of  the  Eye  requiring  it) 
in  a  concave  Sphere,  that  has  the  Eye  for  its 
Center ;  'tis  likewife  evident,  that  he  will  ob- 
ferve  the  Earth  moving,  as  it  were,  among  the 
FLxt  Scars,  and  approaching  nearer  and  nearer 
the  more  Eaftern  ones,  rill,  in  a  Year's  fpace, 
having  compleated  its  Revolution,  it  returns  to 
the  fame  place  among  them  again.  And  be- 
caufe  the  Earth  always  goes  the  fame  track 
over  again,  the  Obferver  will  take  efpecial  no- 
tice of  the  Scars  the  Earth  paffcs  over  ;  alfo  the 
Plane  of  the  Earth's  Orbit,  and  the  Circle  in 
the  Sphere  of  the  Fixt  Scars,  called  the  EcUjtric, 
made  by  that  Plane  ^  and  this  will  be  a  great 
Circle,  becaufe  it  palfes  thro'  the  Sun,  or  Eye, 
which  is  the  Center  of  that  Concave  Sphere 
that  terminates  the  Sight.  But  if  the  Obferver, 
for  the  advantage  of  making  Obfcrvations, 
imagines  this  Ecliptic  divided  into  twelve  equal 
Parts,  or  Signs^  calling  them  by  the  name  of 
any  neighbouring  Conftellation,  or  Figure 
thofe  Stars  fcem  to  make ;  in  this  cafe,  I  fay, 
J^Fsg.  a.]  the  Earth  will  feem  to  move  from 
V  to  y,  and  from  thence  to  or,  and  fo  on; 
from  Weft  to  Eaft,  thro'  all  the  Signs,  till  it 
return  to  Y  again. 

Secondly,  If  you  imagine  the  Obferver  to  be 
removed  from  the  Sun  to  our  Earth,  if  die 
Earth  be  at  J^  where  it  is  fcen  from  the  Sun 
among  the  Fixt  Stars,  at  V;  the  Sun  will  ap- 
pear, when  fcen  from  the  Earth,  in  the  oppoftcc 
Sign  =cs=,  among  the  Fixt  Stars  ^  the  Earth  being 
then  the  Center  of  the  Sphere  of  the  Fixe  Stars ; 
For  the  place  of  the  Eye  is  the  Centre  of  a 
Sphere,  on  whofe  fwrface  the  Stars  are  con- 
ceived 


B  T  R  O  N  O  M  V. 


be  placed.  If  the  Earth  be  moved 
'  B,  CO  C,  in  its  Orbit,  or  if  look'd 
the  Sun,  from  Y  ihio'  '&,  to  n^ 
ita,  or  according  ro  the  order  of  the 
Siin,  to  an  Obfenrcr  on  our  Earth, 
the  place  he  (lands  upon  immovable, 
to  move  among  the  Fixe  Stars,  ac- 
the  order  of  the  Signs  alfo,  froni:^, 
,  toi ,  &e.  in  the  fame  Plane,  durii^ 
e  dme,  and  towards  the  fame  Reeioa  of 
Vfcm,  as  the  £.inh  fccn  from  the  Son 
c  in  the  oppofice  Points  of  the  Ecltpdc 

t  SCHOLIUM. 

le  Phenomena  happen  in  refpecl  of 
id  any  other  Planet;  nay  indeed,  tht 
y  excepting  thac  the  cimc  of  that  IMa- 
olution  about  the  Sun,  or  the  Sun's  ap* 
■plucion  about  the  Planet,  whenvievv'd 
JP  Planecy  is  varioui,  according  to  the 
t  Period  of  each,  mention'd  in  ihc  fore- 
'ropofirion  ;  and  that  the  Plane  of  the 
F  that  Planet  produced,  will  cut  other 
in  chofe  which  the  Plane  of  the  Earth's 
K$,  when  produced ;  and  l     ''  '\ , 

jfath  of  the  Sun  among  ti  >, 

^tny  other  Planet,  i»  different  from  its 
Veh  ieen  from  the  Earth,  that  U,  from 
udc. 

jW     Proposition  III, 
Jefcribe  the  Tbavomtn^  of  tht  TUnets  fetn 
am  the   Stiff,  ^f'ffi^g  from  thtir  Motion  in 
u/jofe,Planes  arc  inclind  to  the  Fiona  cf  tht 


the  Orbits  of  the  Earth  and  Planets  are 
ed,  as  that  their  Planes  are  inclined  to 
b^^..and  interfcd  each  other,  (as  was 
B  2  iljown 


^^ 


■k 
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(hown  in  general  in  Prop,  r.)  in  right  Lines  paf- 
fing  thro'  the  Sun;  the  Inclination  of  the  Plane 
of  the  Orbic  of  each,  to  the  Plane  of  the  Eclip- 
tic, or  tarth*5  Orbit,  h  to  be  taken  into  conii* 
deration,  in  explaining  the  Pharnomena  of  the 
planets  viewed  from  the  Sun.    For  the  Plane  of 
the  Ecliptic  is  taken  by  Aflronotncrs  as  the 
Standard  to  which  the  Planes  of  the  other  Or- 
bits are  judged  to  incline  ;  and  that  with  very 
good  reafon,  fince  it  is  that  in  which  the  Earta* 
(the  habitation  of  the  Aftronomer)  moves  round 
the  Sun,  or  in  which  the  Sun  feems  to  move 
round  the  Earth ;    And  an  Obfervcr  plac'd  in 
any  other  Planet,  would  make  the  Plane  of  that 
Planet's  Orbic,  the  Standard  of  all  the  reft,  and 
confider  them  as  inclined  to  if. 

The  right  Line  which  pafTes  thro'  the  Snn, 
and  is  the  common  Sedion  of  the  Plane  of  the 
Orbit,  with  the  Plane  of  the  Ecliptic,  is  call'd 
the  Line  of  the  Nodtt  of  that  Planet,  and  the  Points 
ihemfelves,  wherein  the  Orbit  of  theP];^nct  cuts 
the  Ecliptic,  are  cairdcheAWw.  Thus,[F/5.:).]let 
©T  S  r  be  the  Plane  of  the  Orbit  of  the  Earth 
produced  indefinitely,  N?n  the  Orbit  of  any 
Planet,  interfering  the  Plane  of  the  former  Or- 
bic or  Ecliptic  in  Nand  w,  which  are  the  Nodes- 
of  that  Planet  J  To  as  that  one  part  NPn  of  that 
Orbit  be  fuppos'd  above  the  Plane  of  this  Scheme, 
and  the  other,  npN^  below  it,  (which  makes  it 
look  like  an  Ellipfe:)  The  right  Line  A'n  joining 
the  Nodes,  being  the  common  Se(*tion  of  the 
Plane  of  the  Orbit  of  the  Planet  with  the  Plane 
(Df  the  Ecliptic,  is  the  Line  of  the  Nodes. 

Tis  evident  then,  that  if  a  Planet  be  ken 
from  the  Sun,  when  it  is  in  one  of  the  Nodes,  as 
N,u  will  appear  robe  in  the  Plane  of  the  Ec!ip4 
pp,    JBut  when  gone  forwards  as  far  as  p,  it  wil 


Hg 


kA 
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[eviace  from  the  ^-  '— ir:  and  fby  Dtf* 
I.)  (he  Inclir.  che  righc  Lino 

lie  Ecliptic,  :ind  conicquencly  of  the 
Pfeen  from  the  ^  -  ''  '  '  -  Planets 
He  Ltshudey  is   :  \ngle 

icrePE is  fupposd  to  be ^ pcrpciiJicmar 
P  to  the  Plane  of  die  EcHpric.  Thii 
onrric  Latitude  is  continually  upon  the 
e,  till  the  Planet  is  go:  as  far  a>  L^  its 
where  it  is  cqaal  to  the  IncIirutiOQ  of 
ne  of  the  Planet's  Orbit,  to  tl\c  Plane  of 
lipric.  But  during  the  Planet's  paH^A 
dence  to  the  other  Node  n,  it  is  dccrS^ 
[11  at  lad  it  ranifhcs  at  rhcNodc.  Haring 
the  Node  n,  it  begins  again,  chang- 
*  name,  becaufe  'cis  towards  the  con- 
part*  of  the  Ecliptic,  and  grows  bigger 
igger,  till  the  Plrinet  has  arriv'd  at  the 
Limit  /,  from  whence  ugain  it  grows  left 
Is,  till  it  vanifhes  at  the  other  Node  ^, 

Khs  of  the  Planets  (that  is,  the  Planes  of 
its)  are  inclind  to  the  Ecliptic  in  the 
'ing  manner :  The  Orb  of  Saturn  makes 
igle  of  2  ipegrec^s ;  Jupiter,  1 1  Degree ; 
a  little  lets  than  x  Degrees;  Venus,  k>mc- 
above  ;|  Deg.  Mercury  almoft  7  Degrees. 
xount  ot  the  Pofition  of  the  Line  of  the 
s  of   each  Planet    (hall   be  given   in  a 
proper  place.     We  have,  in  thefe  two  laft 
ofitions,  confider'd  the  Planets  as  they  ap- 
to  one  plac'd  in  the  Sun  :    becaufe  it 
lecefla:  y  to  the  undcrftanding  chcirMotioa 
i^w'd  from  the  Eartli. 
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Proposition  IV, 

TO  defcribe  the  Vbanomena  arifing  from  the  Mo^ 
iion  of  the  Earthy  and  inferior  Planers^  Venus 
find  Mercury  J  ^yjbfn  ^viavd  from  the  Earth. 

Since  Venus  and  Mercury  revolve  about  the 
Sun,  in  lefTer  Orbits  than  the  Earth,  as  you  fee 
in  the  ScheraCj  [F/f.  4.]  where  Treprelenrs  the 
Earth,  carried  in  its.  Orbit  T  J  from  Weft  co 
Eaft ;  and  ACEGs  the  Orbit  dcfcrib'd  by  Venus 
ix\  3  lefs  fpace  of  Time  the  fame  v/ay ;  'tU  evi- 
dent, that  when  Venus  is  in  D  E  F,  that  part  of 
its  Orbic  that  is  fartheft  off  the  Earth,  it  will 
appear  to  us  on  the  Earth  to  move  in  confequentia^ 
or  according  to  the  order  of  the  Sigps,  and  i^ 
then  faid  to  be  Dirdl.  When  it  is  in  G,  mo? 
ving  front  thence  to  H,  5t  will  appear  to  move 
as  fwifc  a»  the  Sun,  becaufe  then  its  Motion 
tends  dire<3ty  towards  the  Earth,  and  ic  docs 
liot  feem  to  move  at  all,  but  as  its  Orbit  is  car- 
ried along  by  the  Sun,  whofc  Motion  is  towards 
theEaft:  Venus  moves  now  therefore  flower 
than  before,  but  is  ftill  Dired:.  When  it  is  eoc 
beyond  //in  its  Motion,  thro*  A  to  Hy  it  paflcs 
between  the  Earth  and  Sun,  becaufe  it  is 
jiearer  to  us  th:in  the  Sun,  and  moves  fwifter 
.rhan  the  Earth,  (the  caufe  of  which  we  (liall 
hereafter  afirgn,)  confequencly  will  fccm  to  us 
10  change  its  Place  among  the  Fixe  Srars,  and 
nioye  in  ^nteccJintia^  or  contrary  to  the  order 
of  fhe  Signs,  and  then  it  is  faid  to  be  Retro- 
grade,  tho*  really  Dired  ftill,  if  vicw'd  from 
cheSux^.  Between  Dired  and  Retrograde,  for 
inftance^  about  W,  ic  will  appear  Statknarj^ 
ihe  right  Lines  that  join  the  Earth  and  Venus, 
continuing  for  (bme  fcniible  time  parallel. 
Thus  likcwifc,  after  its  Rctrogradation,  before 
|c  b^0^cspireft^?igriln^  it  will  appear  Stati- 
onary 
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fccond  time,  and  »  Scationar)'  in  order 
ing  Dircift,  as  ic  was  before  in  order 
njj;  Retrograde  at  //.    In  ;  -, 

uto  he  had  to  the  Motion  u.  ....  ^.wUi, 
^  DircA,  Stationary  or  RccropraJc, 
rrg  at  it  is  pojhcd  in  fuch  p:j  n 

vc  the  fame  relation  to  the  - in 

as  the  Points  aforementioned  have, 
hasbci  '>nus, 

ade,  .  ,  i-arth, 

uently  appears  bi»cr  than  at  other 
ithc  contrary  when  Dircd,  a$  at  E,  it 
J  and  coukqucncJy  appears  lelL 
ufe  Venus  moves  round  (he  Sun  at  a 
an  the  Earth;  'tis  evident  that 
ways  to  attend  the  Sun,  fomc* 
0  to  the  Weft  of  it,  fometimcs  to  the 
he  Heavenly  Bodies  fccniin^  to  be  ac 
iftance  from  the  F.yc  of  the  :5pcA;itor. 
;iIion  to  the  Eaftward  or  Wcilward  of 
iciHM  tl^e  Elmgasifs^  and  is  mcafured 
:le  contain  J  undo r  a  ripht  Line  drawn 
iye  to  the  Sun  and  Venus,  which  is 
acer  than  the  Angle  O  TC  or  ©  TG, 
es  TC  or  TCj  when  drawn,  arc  Tan- 
hs  Orbit  J  D  h\       Cci  'y  the 

n  of  V^enus  will  never  L,  ...... j  half 

Dt  from  the  Sun,   as  is  evident  from 
i  IS  laid  down  in  Prep,],    And 

h».  ....ived  to  its  farthcft  Elonpation 

■eiurn  to  the  Sun,  and  pais  ai  tar  be- 
Kthft  other  iide  as  if  its  Mucion  were 

|fy  has  all  the  fame  Phenomena ;  but  its 
ms,  Stations,  and  Rctrogradnions  hap^ 
bccaufc  it  linillies  its  Courfe  in  a 
V  i^^  90nrcqucntly  overtakes  the 

Eaithj 
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Earth  ofcner  than  Venus.  And  fince  Mercury's 
Orbit  is  lefs  than  that  of  Venus,  its  greaccft 
Elongations  m«ft  be  alfo  lefs,  and  it  muft 
be  a  nearer  and  more  conftanc  attendant  of  the 
Snn,  being,  by  Trcp,  i.  never  a  whole  Sign  di- 
ftant  from  it,  and  confequencly  feldom  to  be 
feen  by  us. 

Proposition  V. 

TO   Jefcrihe  the  Thanowena  of  the  LotUttde  of 
the  inferior  PLmets  feen  from  the  Earth. 

Let  Tg  r  be  the  Earth's  Orbit,  whofe  Plane  is 
the  fame  with  that  of  the  Ecliptic  ;  \Ftg,  y.] 
iind  lee  N  S  »  be  the  Orbit  of  an  inferior  Planet, 
for  inftance  Venus,  whofe  Plane  is  inclined  to 
that  of  the  Ecliptic,  and  therefore  will  look 
Hke  an  Ellipfe,  whofe  greater  Axe  is  the  intcr- 
fcAion  of  the  Planes,  or  Line  of  the  Nodes  N"». 
And  while  Venus  is  in  9 ,  let  the  Earth  be  in  7"; 
in  which  fuppofition  Venus  will  be  neareft  the 
Earth,  and  Retrograde,  by  Trop.  iv. 

'Tis  evident  from  Def.  y.  EUm,  xi,  that  the 
Inclination  of  the  right  Line  5  7'  to  the  Plane 
of  the  Ecliptic,  or  the  Latitude  of  Venus  in  ? , 
feen  from  the  Earth  (which  is  hereupon  called 
ihtGeoctnttk  Latitude)  is  mcafured  by  the  Angle 
9  T£,  the  right  Line  9  E,  being  m:^de  perpen- 
dicular  to  the  Plane  of  the  Ecliptic.  If  Venus  be 
fuppos'd  to  continue  in  5  ,  and  the  Earth  to  be 
at  f,  in  which  fuppofition  Venus  is  Dlrei^:,  and 
furtheft  off  the  Earth  ;  the  Geocentric  Latitude 
of  Venus  will  be  the  Angle  9  /  E^  lefs  than  9  T'E, 
almoftin  the  ratio  pf  T'S  co  /  9  ,  tho'  the  Hclio* 
cenmc  Latitude  of  Venus  be  in  both  cafes  the 
fame. 

And  all  that  has  been  now  faid  is  true  of 
Mercury  as  wpll  as  of  Venus ;  confequencly  alj 

other 


o/ Astronomy.        u 

tuniftjncc5  being  altkc,  the  ratiuide 
:rior  Pbncts  is  grcutcr,  when  they  arc 
\t  ttnd  nearefl  the  Eurch;  Icfi^  when 
ind  hrrficlt  off! 

wer  ifany  inferior  Planet  he  moftRctrt)- 
id  neareft  the  Earthy  and  at  the  famctiihc 
;sfra  Node,  it  will  be  found  dircdly  bc- 
hc  Obffrrer  and  the  Son:  If  it  be  at  a 
hbte  :  from  a  Node,  it  will  pafi 

ft)  Uk  iN<-'r:n^ard  or  Southward  of  him. 
manner,  if  it  bcmoft  Dircd  ^nd  fanheft 
Larch,  and  be  alfo  near,  or  in  a  Node,  it 
covered  by  chc  Snn;  if  it  be  other^tdb 
J  k  will  pafs  on  one  Jidc  of  the  Sun, 

^      Proposition  VI* 
^xfl^in  the  Thtfftomrita  of  tht  Inftrhr  TUh 
4tTs^  aftfiffg  p'^yf*  their  hing  cpahSfhiricst 
*yiligbt€nd  hj  the  Sun. 

:e  all  the  Planet?;,  as  wel!  as  the  Earth, 

lakc  Spherical  Bodies,  reflcdin/^  the  Rays 

ht  that  fall  upon  them  every  way,  *tis  cvi- 

yAt  that  half  of  each  Planet  which  is  ct- 

or  curn'd  to  the  Sun,  is  cnlighccn'd  by 

ile  the  other  half,  which  is   rurn'd  from 

m,  is  in  darknefs.       And  (incc  that  half 

Milch  is  towards  the  E:irch  is  fecn  by  the 

Hr^  if  we  confidcr  which  Face  of  Venus  is 

iien'd  in  this  or  th-tt  fituation  in  rcfpcdof 

in,  togcrlier  with  the  Face  thut  is  vifihle  at 

larth,  [fTj.  6.]  in  the  part  7"  of  its  Orbit 

it  will  be  manifeft,  that  when  Venus  isin/f, 

iSj  moft  Retrograde  and  neareft  to  us,  it 

t  vilible  at  all,  having  i:s  dark  Face  turn'd 

. :   And  if  Venus  were  at  chc  fame  time  in 

Mane  of  the  Ecliptic,  that  is,  in  one  of  irs 

woujd  appear  like  a  Spot  in  the  Sun, 
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being  fituatcd  dirc<ftly  between  the  Earth  and 
Sun,  by  the  foregoing  Propofition, 

When  Venus  is  got  into  the  Situation  -B,  that 
isj  begins  to  be  Retrograde,  if  view'd  from 
the  Earth,  then  fome  part  of  the  enlighten  d 
half  is  turn'd  towards  the  Earth,  tho*  the  greater 
remaining  part  belongs  to  the  obfcure  half. 
And  becaufe  Venus  is  of  a  fpherical  Figure,  and 
appears  like  a  Plane,  its  enlightened  part  will 
appear  Horned,  and  thofe  Horns  turned  towards 
the  Weft,  or  from  the  Snn. 

When  Venus  is  at  C,  half  the  enlightened  part 
will  be  feen  by  us,  and  then  it  is  faid  to  be 
half  Full ;  at  D  It  is  faid  to  be  Gibbous,  above 
half  the  enlighten  d  part  being  vifible  ;  and  at 
E,  where  it  is  fartheft  off  the  Earth,  and  moft 
Dire<5t  in  its  Motion,  it  appears  Full,  all  the 
enlightened  Hemifphere  being  turned  towards 
us. 

l^ema  will  have  the  fame  variety  of  Phafes  in 
its  paffage  thro*  P,  G,  and  H,  that  is,  it  will  be 
Gibbous  at  F,  half  Full  at  G,  and  Horned  at  W, 
with  its  Horns  turned  from  the  Sun,  that  is,  in 
the  prefcnt  cafe,  looking  towards  the  Eaft,  ex- 
a<aly  contrary  to  what  they  were  when  it  was 
atfi. 

For  the  better  underftanding  of  this  mattePj 
we  have  delineated  the  feveral  Phafes  of  Venus, 
as  they  appear  to  us,  in  the  Scheme  [F;^.  7.]  j 
where  the  fame  Letters  arc  ufed  that  were  in 
the  Diagram  [fTf.  6.]  reprefenring  its  Phafis 
when  it  was  in  that  part  of  its  Orbit,  marked 
by  the  fame  Letter.  Thus,  in  this  Scheme, 
fFi^.  7.]  at  the  Point  y^,  it  is  drawn  all  ob- 
Icure,  becaufe  that  Is  its  condition  in  refped 
of  the  Earth  at  7\  when  Venus  is  at  A^  in  (he  for- 
mer Diagram,     At  B  it  is  reprcfcnted  Horned, 

be- 
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appean  fo,  when  it  is  at  By  in  ehe 
;heme,  and  lock'd  upon  from  the  Earth 
'  fo  on  in  the  other  cafes  of  C,  D,  &c. 

Phznomena  will  appear  in  ^' ry^ 

\g  had  CO  its  Orbit  and  Re    , 

SCHOLIUM. 
'hxnoTTiena  dcfcribcd  in  the  three  laft 
im^manifeftly  follow  upon  theSituatioa 
Ition  of  tJic  Earth,  Vcnui  and  Mercury, 
wn  in  Frop.  r.  So  it  follows  convcffely, 
kc  Obfervaiion  of  chefe  Pha-nomena  in 
edablifhes  and  confirms  that  Order  and 
^  namely,  that  Venus  and  Mercury  re- 
pair the  Sun,  in  Orbits^  that  are  included 
the  Earth's  Orbit. 

K       Proposition  VTI. 

HUpi(«  tig  Ph^tntrntina   trifmi   p^m   tht 

^PK  ^  the  Earth,  smJ  pf  the  fuftrlor  Fit- 

^d  be  the  Orbit  of  any  one  of  the  fupc- 

ancts;  for  inftance  Mars,  ^CgGtheOr- 

thc  Earth,  nearer  to  the  Sun,  *Tis  evident, 

that  this  Planet  will  not  always  attend  the 

but  foniecinies  be  diametrically  opposite 

For  the  Earth  finifliing  its  RetoJution 

r  than  any  of  the  fuperior  Planets,  will 

limes  be  exa^flly  between  the  Sun  and 

?lanet-    thus,   when  Mars  is  in  M,   the 

ci  may  be  ac  H;  and,  to  fpeak  univcrfally, 

ingle  at  the  Earth,  made  by  lines  drawn 

:e  CO  the  Sun  and  that  Planet,  may  be  equal 

ly  given  one. 

tt  us  fuppofeMars  to  be  in  M,  and  theE^rth 
re  fame  time  in  j4^  Mars  in  this  cafe  will 
|ar  Stationary,  in  order  to  its  being  Dire^, 
^Ufe  the  right  Lines  that  join  the  Earth  and 

Planet 


M 
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Planet  at  th^c  rnomenr^  will  continue  parallel 
for  feme  fenfible  time;  during  the  whole  of 
which,  nocwithltandinp,  Mars  will  fccm  co  go 
forwards,  us  ufual,  if  viewed  from  the  Sun. 

While  chuEanh  nioves  along  thio*  B,C,  D,E,j 
Fand  G,  Murs  likcwifc  will  fcem  co  go  forwards 
among  the  Fi^ed  Stars,  upon  a  double  account  j 
firft,  becaule  it  really  docs  move  about  the  Sun, 
in  conje'-jHcntia-^  and  then  again,  becaufc  the 
Earth  in  the  oppofitc  Semicircle  is  carried  the 
fame  way^  and  about  the  fame  Center  :  And, 
confequently,  M:us  in  this  cafe  being  moll  re- 
mote from  the  Earth,  and  in  conjunction  with 
the  Sun,  view'd  from  the  Earth,- will  feem  to 
move  fafter  than  ordinary,  itt  conftt^uiniia^  and 
become  Dired.  But  when  the  Earth  is  arrived 
to  the  Point  G,  in  rcfpcrt  of  Mars  at  M  (which 
fome  time  or  other  will  happen,  tho'  Mars  be 
carried  in  the  mean  while  about  the  Sun,  name- 
ly, when  the  Earth  has  ahnoft  overtaken  Mars) 
Mars  wii!  again  become  Stationary,  in  order  to 
its  being  Retrograde,  as  ic  will  be  foon  after. 
For  when  the  E:^rth  in  its  Motion  from  G, 
thro'  Hto  A,  has  pafs'd  Mars,  and  that  Planet 
is  feen  in  oppoiition  to  the  Sun,  and  biggeft, 
bccaufe  nearcft  the  Earth,  wiiich  is  lower  and 
Twifter,  will  make  Mars  appear  co  move  In  ante-' 
ced<ntia  from  S  thro'  K  to  P;  whereas  in  the 
mean  while  view'd  from  the  Sun,  it  feem'd  to 
move  as  always  before,  in  cofjfvcfttctjtia. 

The  like  Phaenomena  will  happen  to  Jupiter 
and  Saturn,  excepting  that  Saturn's  Reirngrada- 
cionftare  more  frequent  than  Jupiter's,  and  Ju- 
piter's than  Marss:  becaufe  the  Earth  ofcner 
overtakes  Saturn  tlian  Jupiter,  and  Jupiter  oftncr 
than  Mars^  and  paffes  between  them  and  the 
Sun. 

Pro- 
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Proposition  VIIL 
tfcribi  tbt  Piiefmtttna  if  tin  LatitttJt  ofshtT 
*!ets  feenfrom  tht  E^iIk 
Orbic  he  Ttt>  I  [f'g'  ?-]  that 
irior  Planet  as  Man  ^  Af,whofc  Plane 
to  chat  of  the  Ecliptic,  and  ctstj  it  in 
the  Nodes  N  Gn  :  Let  the  iltui^tion 
and  the  Earth,  to  the  Sun,  be  fuch,  as  that 
ifig  in  c? ,  the  Earth  may  be  in '/;,  alniofl 
j^arsand  the  Sun;  in  which  cafe  Man 
■ircfl  theEarchj  and  confcqucmlv  big- 
ffioft  Retrograde,  as  was  mown  iji  tho 
ig  Propof.     Its  Geocenrric  Latitude  will 
ured  by  the  Angle  6  TE,  <?  E  1  -^- 

rpendicular  to  the  Plane  of  the  _...j  .;c. 
lars  continuing  in  the  fatnc  firuation  in 
Orbit,  and  conTcqucntly  h.iving  rhc  Qmc 
^icLatitudc,  the  Earth  being  fuppofcd 
■the  Sun  being  between  it  and  Mars; 
"Cafc,  by  the  foregoing,  Mus  will  be 

off,  and  confequcntly  leaft,  and  mofl 
in  its  Motion;    Its  Geocentric  Ladcudc 

J  by  the  Angle  c?  r  E,  is  always  Icfs  than 
;lecf  TE,  in  the  ratio  of  theliillanccs  of 
th  from  Mars,  that  is,  of  the  right  Lints 
'.    Thus  in  whatever  firuation  Man  and 

th  be  placed,  in  rcfpcA  of  the  Sun,  its 

eric  Latitude  will  be  changed,  foas,  r^* 
ibusf  it  will  be  lefs  as  Mars  is  nearer  to 
undion  with  the  Sun,  and  its  fwiftcit  di- 
ction 3  and  greater,  as  it  is  nearer  its  Re- 
lation and  Oppofition  to  the  Sun. 

evident  from  what  has  been  faid,  that 
f  the  Superior  Planets  can  ever  be  fccn 
ie  Eanh  to  cover  the  Sun^  tho'  any  of 

lay  he  covered  by  the  Sun,  when  it  is 

"  id  pretty  near  a  Nod©, 

Pro 


- 
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TO  dtfa-the  the  Vhanomena  of  the  Superior 
niUy  arljing  from   their  bt'tng  Opifke  Bodies, 
and  enlightncd  by  the  Sun. 

Saturn  and  Jupiter  being  Opake  Bodies,  and 
iliuminated  by  the  Sun,  that  half  of  each  Pla- 
net which  is  turnd  towards  the  Siuij  (rhac  is, 
the  illuminated  half)  is  likewife  lurn'd  to- 
wards the  Earth,  which  is  never  far  off  from  the 
Sun,  or  Center  of  Saturn  and  Jupiter's  Orbit: 
For^  by  Tmp,  i,  Jupiter's  dillance  from  tht 
Sun  is  above  five  times,  and  Saturn's  almoft 
ten  times  greater  than  the  Earth's  diftance  from 
it. 

In  Mars  indeed  ic  is  fomething  different ;  For 
the  diftance  of  Mars  from  the  Sun  b::ing'  buC 
I\alf  as  much  more  as  the»Eaf  th'sDiftance  from  it  j 
its  inlighten'd  Hemifphere,  towards  the  Sun, 
is  not  always,  as  to  Scnfe,  tarn'd  towards  th^ 
Earth,  [ivg*.  lo.]  Let  7"  be  the  Earth's  place  in 
its  Orbit  T£ ,  'tis  evident  that  Mars  being  at  A 
or  B^  in  Conjundion  or  Oppofition  to  the  Sun, 
has  the  (aine  Face  towards  the  Earth,  as  ic 
has  towards  the  Sun,  that  is,  its  enlightened 
one,  and  confequently  appears  Fullj  but  in  the 
lituation  of  the  Points  D  or  C  (when  the  Angle 
Gcr,  or  GDT'isgreatcft,  or  when  ©rc,  or 
©  T D  is  almoft  a  right  Angle)  neither  is  the 
whole  enlighten  d  Face  fcen,  nor  is  that  Face  that 
is  feen  entirely  illuminated,  but  it  appears  Gib- 
bous, the  light  being  deficient  a  little  towards 
thofc  parts  that  are  rurn'd  from  the  Sun. 
SCHOLIUM. 

As  the  Phacnomena  defcribed  in  thefe  three 
laft  Propofitions  follow  from  the  Order  and  Mo- 
tion of  the  Earth)  Mars,  Jupiter,  and  Saturn,  ' 

laid 
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Tp,  !>..*»  j\     So  fcy  the  conirtrfc  of 
'/arion  of   thcfe  Ptutaomeaa 
•eilaUiihes  cKac  Order. 

PropositioH  X. 

h.ri  ''rr-m  tbt  Esrth.* 

[  Contecs  liave  diffei^nt  Or- 
cax;c  bcdctcrr  ' 

ten  made abL_:  . ,, 

th^ir  defcenr,  near  their  Vcx'u 
arcinclrat  partofthdr 
1;  the  Region  of  the  Pla- 
have  the  finnc  Phxnofn^na  as  cho 
them  has,  rcpn   '  '    '  i^  had  to  tho 
Mn6  Inclinnrion  Oibit  of  the 


_      T^...t- 


^ ,  on  this 

.1  .i  Planer, 

rh  is,  which 

r.   For  were  the 

\\r<  til  1 1",    /' 1"  f  iM  i*M*' 


fix:  Stars,  will  l>en 
:inA  that  its 
•ir»  will  i3u 
Moiion  nt 
with  it  the 
'd  from  i\vc  . 
;le  anion^  chei 

iflcion  from  one,  on  tiic  accoant  ol 

[of  the  Earth  round  the  Sun,   will 

(enfjble  in  a  fmall  fpacc  of  rime, 

rth  happen  to  be  between  the  Sun 

let,    that  moves  in  ccnfe^u^ntU,  the 

|l  be  Retrograde;     for  the  Earth 

inch  the  fwifi  'hn  rightlinesthat 

he  Earth  and  t.  .onvcige  towards 

on  beyond   the  Com«c:    But  if  the 

[es  flower,  then  the  C/>met's  Motion, 

wjny  the  Eajth'$  Motion,  likewile  bc- 

;r :    But  if  the  Sun  be  between  the 

C  Earth 


i 
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Earth  and  the-Coinet^  the  Comet's  Motion  wiJI 
appear  fwifter  than  really  it  is.  On  the  con* 
trary,  the  Comets  that  move  w  antectJentia  are 
fwifter  than  they  ftiould  be,  when  the  Eaith  is 
between  them  and  the  Sun ;  and  (lower,  or  per- 
haps moving  according  to  tlie  natural  Order  of 
the  Signs  in  appearance;  when  the  E  ^rth  i$  fitti~ 
ared  on  the  contrary  fide.  All  this  happens 
from  the  Motion  of  the  Earth,  and  ics  varioui 
Potition,  as  ic  does  in  the  Planets ;  that  arc»  9C* 
cording  as  the  Motion  of  the  Earth  falls  in  with^ 
or  is  contrary  lO  their  Motion,  fomcrimes  Re* 
crograde,  fomctimes  Slower,  fometimes  Swifter 
than  they  fliould  be,  as  has  been  ftcwn  in  Frof^ 
iv  and  vii.  ThofePhacnomena  will  be  moft  fen- 
fible,  and  eaftly  taken  notice  of,  a  little  before 
the  difappcarance  of  the  Comet  ^  its  apparent 
Motion  being  at  that  time  flower,  and  the 
Earth's  Motion  proportionably  greater,  with 
which  the  Spedaior  is  carried. 

The  Latitude  of  the  Comet  likewifc,  c^nrrm 
paribm^  is  varied  by  the  difFercnc  Situation  of  the 
Earth,  it  being  greater  inOppofition  ^  but  in 
Conjan<fHon  greater  or  kfs,  according  as  the 
Comet  is  between  the  Earch  and  Siin,  or  the 
Sun  between  the  Comet  and  the  Earth,  .is  was 
Icmonflrated  of  the  Planets  in  Prop,  v  i., 


i^^ff 


^Jfli-WKu 
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Section   IL 

ir^ion  of  the  Forces,  whit 
Jrimarv  Plincts  in  rheirOrlv,. 


PROPOStTlON  XL 

ij  he  mffVfd  accffrdmg  re  tht  f 

fen  rtght  tint  mi  A  Z,  ^Tig.  i :    , 

tf   he  xrgtJ   h  0  Centripeul  hlra  ft 

a  ctftj'tn   r^'  "     ?*«'»;  at  S^ 

i.Dt^r  fh^  <r    .....   ;,^^..  ._  ,  J    tht  SJnt 

hi  a  OtrtPtp  0kJ  C&fitavtt^ 

^cmuind  mnJtr  miy  fcrtitks  tf  tit 
k  I'rms  Jr.ivm  ta  the  Center  S,  are  ti 
he  Timet  whirein  tbofifertimi  ef  tb$ 

liMi^  oc  imngin'd  to  be  divided  irito 

;  in  chc  tirft  of  which  let  the  B^xfy 

\c  line  A  By  w  part  of  AZ,  .'s 

J  hy  which  it  tends  to  mtjvc  «^^^*  J- 

Dirc^l^ion  of  the  Lihc  JiZ  i  inthi 

t  ot  Time  it  will  dctcribc  the  Line 

to  the  former-,^  fl,  if  nothing  hinder 

he  firft  and  chief  Law  of  Morion,  silt 

t  put  into  Motion,  and  not  meeting 

Impediment^  will  continue  to  move 

on,  in  the  lame  right  line  they  were 

in.    But  when  the  Body  is  arrived  ac 

6y  let  US  fuppoft  A  Centripetal  Force 

wards  the  Point  S,  to  zBt  wpon  it  bjr 

mpulfe,  fo  as  that,  had  It  been  impelld 

;hat  Impulfe,  ic  would  in  the  fecond 

Ine  defcribe  the  line  BG.  'nrcvicfcnc 

|u  C  z  ch«c 

M     ■ 
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that  drawing  the  Line  e  C  parallel  to  BG^  thro' 
the  Point  c,  arid  GC  to  5f,  thro*  G,  the  Body^ 
aSed  upon  by  both  Impulfes  ac  <>nce,  will  ar- 
rive, in  the  (econti  part  of  time,  at  the  Pointy, 
defcribing  the  right  line  B  C  For  as  it  is  well 
known  in  Mechanics,  a  Botl)rdefcribc5  the  Di- 
agonal of  a  Parallelogram,  both  the  Forces  com- 
bin'd,  in  the  fame  time  as  it  would  do  the  Sides, 
with  the  Forces  fcparaccd.  'Tis  certain  Ukewife 
that  the  right  line  BOh  in  the  Plane  of  the  Pa- 
rfdielogram  RGCc,  both  of  whofe  Sides  BG 
and  Be  is  in  the  Plane  of  the  Triangle  ^5B, 
that  paiTes  thro'  the  Center  S,  of  the  Centripe- 
tal Forces,  and  the  immoveable  right  line  AZ^ 
Befides,  the  Triangles  5  C  5,  5c  fi  arc  equal,  be- 
caufe  they  are  upon  the  fame  Bafe  BS, ,  and  be- 
tween che  Parallels  S  B,  Ccj,  but  Sc  By  S  B  A 
are  equal,  becdufc  their  Bales  are  equal,  and 
beight  the  fame:  Confcquendy  SRA,  SO  B  alfb 
tLTQ  equal.  By  the  H^me  n)"chod  of  reafoning,, 
if.in  the  third  particle  of  Time,  a  Body  defcribes 
any  other  right  line  as  C  Z>  ^  it  may  be  proved 
that  the  Triangle  SCO  is  equal  to  the  Triangle 
5'J3C,  and  that  the  right  line  CZ>  is  in  the  fame 
flane  with  the  right  lines  S  B^  BC  ;  that  is,  in 
the  fame  with  that  which  is  drawn  through  the 
fight  line  A  B,  and  the  Point  S.  And  fo  we 
may  go  on,  as  long  as  the  Motion  is  continued,  : 
and  in  equal  times  the  Area  delcribcd  by  Radii 
drawn  to  the  immoveable  Center  of  tlie  Forces, 
will  be  equally  increafed  ;  and  by  compound- 
ing Ratios,  any  funis  of  Areas,  are  to  one  ano- 
ther, as  the  Times  wherein  they  are  defcrib'd. 
The  Line  dcfcrjb'd  by  the  Body  will  be  in  the. 
immoveable  Plane,  and  it  will  be  concave  to- 
'  -  ds  Sy  becaufe  every  part  o^  it;  that  is  a, 
ii^hi  line^  as^C,  dQcline»  from tbe  foregoing 

4B^m 


Jmrils  thcCenwr.  -  -.^.r- .»,. 

of  the  Triangles,  5.  U 

icncedj  und  their  breadth  co  be  di« 
tjijiniftim;  their  Daf«,  -WJf,  flC,  COi 
a  Curve  Line,  concarc  rowardt  che 
t,  and   lying  in  the  Time  Pl;inc  ;  and 
"  >zvaI  Force,   wliicli  before  -it^J^nf ,  as 
[arts,  and  at  equal  tntervaL  s. 

Body  '  ■  '  "■  '  ■  '  ■  !:  i:.  !T] 
It  of  il  .  r,il.>  ui 

le$  mcalure)  now  ads  c<}nltantly : 
Areai  thus  defcrib'd  ,     S  /f  BC  S, 

Sy  will  bCj  Hs  before,  proporti- 
ThnM  of  defcriptiou.    ^  £-  D, 

Proposition  XIL 
m»vtJ    hi   t$  Cwt'c    Unr    ABC  Dj 
{.  IT.l  Jtfcritfd  Hfon  a  TLne.  end  aro^ 
h  tLr  I'.tme  pjrr^ty  Mnd  by  m  RMaiut  Jya-u.  it 


r«  :  .   is  urged   bj    a  CtntripcS^l 

to  S. 

a  s.  „.      L'i  imagined  to  be  drvi  Jed 

lif  J?,  BCy  CDy  &c,  diftriii;  : 

Mright  lines,  lb  as  tobcdcicnrcJ 

loles  of  Time:  Let  thcCcncripc- 

likewife  be  concciv'd  to  aft  only  in 

r,c\D,  &c.  by  ilarcs,  as  in  the  forcco-^ 

xtAB  be  produc'd  toc,  fo  as  thac 

il  to  ^  A  ,'  in  like  manner  BC  to  /, 

lua!  to  B  C ;  and  ib  on.    The  Tri- 

r,  will  be  equal  to  S  BC^  becaufe,  by 

the  Areas  defcribed  arc  proporcio- 

'Imciy  2ni  S  AB  is  equal  tu  SBc^ 

is  equal  to  fl  c  ■    Wherefore  SBC 

S  Be,   imd  confequcntly  f by  39 
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Elvft.  x^Cr  .is  parallel  to  S  B.  Moreover,  the 
Body  moved  along  A  Jiy  in  the  firft  particle  of 
Time,  by  its  Vis  hsfiia  alone  would  defcribc  B  c, 
Ixx  the  fccond  ;  hut  ic  really  docs  defcribc  BCj 
in  that  fccond  Pxrticle  of  Time:  Wherefore 
$he, Force  ading  in  the  Point  B,  in  conjun<^a 
M/ith  the  yis  injita  to  carry  the  Body  along  ^C, 
15  dixct^ed  according  to  a  Right  line  parallel  to 
fccj  thac  is,  according  to  the  Right  line  R  S. 
After  rhe  fame  manner  the  Force  ading  ia 
t^e  point  C;  and  in  conjundion  with  the  /-^x 
infca,  (  by  which  alone  the  Body  would  defcribc 
ihtJCUi^  C/lin  the  tliird  l^rticle  of  Time)  car- 
rying it  in  the  fame  time  along  C  i),  is  di- 
reAed  according  to  a  Right  line  parallel  to  JD, 
that  is,  according  to  C5  ;  But  the  Right  lines 
fiS,  C  S,  &c.  tend  towards  the  Point  S.  Thefc- 
{orc  the  Centripetal  Force,  that  draws  the  Bo- 
dy off  from  the  Tangent  of  the  Curve,  ads 
along  right  lines  tending  co  the  immoveablo 
toinc  5.    ^  £.  D. 

PtoPosiTiOH  Xin. 

TH  E  Forces  whereby  the  Vrimm'y  PLnets^  Mti-- 
eury,  ymnSy  Mars^  7"?'^^^  *'**'^  Saturn^  are 
^AV'n  cff  ficm  their  Rt^Hintal  Motiont,  and  kept 
in  tbdrOr&its,  Jo  not  tend  to'wards  the  S'lrtbj  hmx 
tt^Uifds  the  Sun,  , 

/Vox  every  Body  that  is  moved  in  a  Curvei 
taqoe,  is  turned  on  from  its  Redilineal  courfo^ 
chat  it  natTjrally  afFcds,  by  feme  Force  or  o- 
ther.  And  it  is  evident  that  the  Piancts  mov.ej 
in  Curve  Lines,  becaufe  their  Orbits  return  ii^ 
to  chemJelvcs.  Now  this  Force  exercifcd  upon 
them,  does  not  tend  towards  ihcEaith,  bcciufc 
the  Orbits  of  two  of  them,  namely.  Mercury 
Md  Venus,  do  not  furround  the  Earthy  a^  is  cvi- 

denc 


?rcf.  Ti ;  and  ootifaqaeocly  thcf  afn 
e  in  all  their  pam  towards  the  Earthi 
(  by  Prjy.  xi-)  the  Forces  by  which 
:pt  in  their  Orbics,  i3o  not  tend  co  it« 
le  Primary  Planets,   vix^  Mcrcorjr, 
'     ■        -  iSiturn,  *::  -  'T^eacrf* 
^Q  iov^  -a  chi 

WArd»  the  £aft,  fomedmcs  backwards 
\^^  cowards  the  WeQ,  and  fomccium 
But  die  cin>c  in  which  tlicfc  Moc^ 
-fortn'd,  always  tiowsunifori  !i4 

:hc  Aj:ea5  dcf'*^'"  by  a  iU^.^-M.oAO 
th  from  ar  ,  arc  not  pcopofT 

oi   del.  Coi^e- 


id  and 


1. 


,_,  „:  Satuxn,     -  - 

t<  \    And  all  the  Plan«cs»  ia 

the  ::iixi,  are  always  DircA  in  their 

U  evident  fiom  Prop;  i;  and  thacal- 

miy,  ittft  as  the  Ximc  flows.    'Tis 

I,  the  Ptanets  move  a  little  fwift^r  in 

)uits  of  cheir  Orbiu,  even  in  refped  of 

than  in  ochers,  as  (hati  bcHicwn  hereaf- 

:  the  diffc"  -      '5  fo  fmall,   as  it  may 

well  be  red.     But  even  at  that 

ianets  are  nearer  to  the  San  ^  for  their 

not  Circles  concentric  to  the  Sun) 

iocion  is  fo  tempered,  as  chat  the  A- 

ibed  by  Radii  drawn  co  the  Sun,  are 

igraented,  as  will  appear  in  chcicqucl 

Subjeft.    And  confequently  the  Forces, 

kihe  P!anec$  are  drawn  off  from  a  Redi- 

C  4  lineal 


j 
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lineal  Motidh,    and  retained  in  their  Orbit*, 

tend  towards  the  San. 

Proposition  XIV. 

THE  Forcet,  by  which  the  Cowets  are  kep  in  thi 
TtAjtclories  (if  they  be  Ctirvilhteal)  Jo  net  tend 
t&w/frJs  the  Earthy  bUt  torufarJs  the  Sttn. 

If  theTrajeftories  of  the  Comets  were  Right 
lines,  they  would  not  be  urged  by  any  Forces  at 
all  tending  to  a  point  fituated  without  thofe 
Righc  lines  i  for  if  rhcy  were,  they  would  be 
drawn  off  from  *Redilineal  Motion,  and  mada 
to  defcribe  Curvilineal  Orbits,  by  Pr^p.xt.  And 
if  the  Trajeiftorics  of  Comers  were  Curve  lines, 
yet  the  Force  by  which  any  fuch  Comet  is  re- 
tained in  that  Curve,  is  not  dire&ed  rowardfrthe 
Earth,  becaufe  the  Earth  is  generally  found  to 
be  without  the  Plane  of  that  Trajcdory ;  be- 
fides,  in  refpcft  of  the  Earth,  the  Comet  is 
fometinfts  Dircft  and  fometimes  Retrograde, 
and  confcquently  does  not  defcribe  Areas  pro- 
portional to  the  Times :  Yet  in  refped  to  the 
Sun,  which  is  placed  in  (he  Planes  of  all  their 
Trajedories,  a  Comet  always  moves  the  fame 
way,  and  the  nearer  the  Sun,  the  Iwifter  ,•  (6 
as  to  encreafe  its  Area,  which  is  equally  dcfcri- 
bed  by  a  Radius  drawn  from  the  Sum  Where- 
fore what  was  aflericd,  is  evident  from  ?rof.  xii. 
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Section   III. 

Icr,  Difhnccs,  and  Pcriocte  of  the 
•y  Planets  '  ng  about  their 
ones,  and;.,...  .  h^nomc*^*- 
ith  the  Diredion  of  the  . 
ihcy  are  kept  in  their  Orbus, 


f  i\^ 


Proposition  XV. 

OrJrrj  and  Perils  tsf  the  Ste^- 
t  *r  S^tiiiittSf  shmi  their  Trimsry 
Dl\*.Ancti  from  them, 
lix  Pfir^  ,  cfiat  revolve  a- 

thcic -.  — e,  as  we  arc  fore 

trvacion,  rhac  have  SacclUccSy   or  o- 

ing  abouc  them,  hence  cnV 

incts.    The  Larch  has  one,  l_.   ..; 

ipleating  ics  Revolution  in  27^- 

diuant  about  60  Semidia meters  of 

im  ic. 

four;  the  inmofl  of  which  revolves 
'ici  diftance  of  jf  Semidiame- 
iu  his  Center;  the  fccond  re- 
^-|-Days,  at  the  diftance  of  9  Semidw 
|be  third  in  7t  Days,  at  the  diftance 
Kdiamercrs,-  the  foorth  and  outermofl 
ibout  Jupiter  in  ihc  fpace  of  1 6  }  I>ays, 
tanc  Irom  his  Center  2;  f  Semidiame- 
ipitcr. 

ms  hve^  of  which  the  innermoft  re- 
f-J  of  a  Day,  at  the  diftance  of  47  Se- 
ers of  Saturn,  from  the  Center  of  Sa- 
:  fccond^  in  the  fpacc  of  2^  Days^  at 

the 


1 
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the  diftance  of  ff  Semidiameters  of  Saturn  ; 
the  thirdj  in  4-f  Days  almoftj  ar  the  diflanceof 
£  Semidiameters;  the  fourth^  In  almoft  16  Days, 
at  the  diftance  of  18  Semidiameters;  themth 
and  outernioit  of  ^,  that  have  "been  difcovercd, 
xevolves  about  Saturn  1079)  Days,  ac  the  di- 
A^nceof  c 4  Sj5P>idia meters  fiojaj  the  Center  of 
Saturn.  And  the  Solar  Syftem^  »s  far  as  it  has 
been  hitherto  difcover'd  is  of  a  Figure  much 
like  that  in  the  Scheme  {Fig  i  ?.]  But  between 
the  two  laft  Satellites  of  Saturn,  H'^gerjiui  fufpeias 
there  revolves  a  Sixth,  the  fpace  being  larger 
thanitfliould  be,  in  proportion  to  the  diftanccs 
of  the  others,  or  that  there  arc  others  beyond 
the  fifrh  revolving  about  Saturn,  hut  not  feen 
as  yet,  by  real'on  of   their  O'  The 

Planes  of  the  Orbits  of  the  SaL^.n^v^  of  the 
lame  primary  Planet,  do  not  coincide,  but  are 
varioufly  inclifi\i  to  one  another,  and  to  cbe 
Plane  of  the  Orbit  of  the  Pitmary  one. 

Saturn  iikewiie  is  encooipafi'd  with  a  chia 
plane  Rhg^  that  docs  not  touch  the  Body  of  Sa- 
turn ac  all,  but  is  like  an  Orbicular  Arch,  built, 
round  about  it.  The  Plane  of  this  Ring  is  ac 
this  time  nearly  parallel  to  the  Plane  "  ~  th*s 
Equator.  And  from  the  various  PoiiL.j-i  .1  it, 
in  refpe^  of  (he  Sun  iiluminadng  it,  it  bcmg 
Opake  like  a  PI;^  id  in  refped  of  die  Eye 

of  the  Spe<ftator»  ■  triousPhafesof  the  ^W^ 
of  SararjQ  arile,  which  have  ib  long  baffled  (ho. 
attempts  of  Afl  ^  '    '    variou* 

Shapes.    This  vv  .     ^        ;'-»;,  in 

liis  Syjtema  Satumium,  Printed  1 6.f  9.  Xiie  Dia<« 
meter  of  the  Ring  is  to  the  Diameter  of  Saturn, 
as  9  to  4  j  and  the  breadth  of  the  fpace  be- 
tween the  Ring  and  the  Body  <jf  Satuar  h  equal 
to  the  breadth  uLcbc  Ring  k  feLEiciun  Ff. 


4/A8TKONOHT.         tj 
Propositiqn  XVL 

,    as  it  m  a  Sficrit^  B$Jj  ilm- 

ringafccondar)*  Planer^  accom- 
7*,  [Ftg^  14^1  durinx  its  Kcro* 


Orbi; 

ibro'  B,  C,  <^c 
tic  docs  not  coiri 
bur  b  inclii 


The 


irth 

cho 

line 


Degrees  i   and  che  common  inccp 
"     U  the  Right  '  ■       -  t/ ; 
^  where  che  c  the 

Tods  che  Plane  of  che  ILclipcic  aro 
^  '^  e  MoQQ,  as  was  i  ■  '  ^^- 
wc  of  the  primar) 

iblt  ui  tfie  Moon  is  co  be  c 
t  above  and  half  below  che  ;  ..-..w  ..; 
che  former  a  W  5  co  (be  Norrh, 
i^  ^  towards  cheSouch,   aodoo 
t  is  reprefcnte'^   <r>   the  Diagnun, 
re  of    an  El  One  of  the 

^.  lieie  cIk  Muijn,  ii-^ving  p^ifi'd 

;,  _,   _iCfni^inf'  into  che  Northern 
Vd  the  McaJ^  and  i*  mark  d 

'  other,  the  i;i  ..gfl«'^7'fi/,  ma' ' 
.ine  of  th'ijNJ^Hies  does  nit  .:. 

rue  poficion,  but  is  movod  with  Hn 
[  '  To  as  chat  die  Nodes  f,o  back- 
hro*  G,  F,  &c.  and  ^?  oteoA 
Qlicrary  to  the  Order  of  ehc  SigflK, 
g  a  RevoSucion  in  about  t^  Years. 
'tis  ceriain^  ch^r  the  Moon  Qtxt 
ia  the  Ecliptic  above  twicp  in 
urfe^ .  namely »  wh(yi  ic  is  in  che 

Node 
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Node  a  or  'iS  i  all  the  reft  of  the  time  it  is 
wide  of  it ;  and  the  Latitude  of  the  Moon's  de« 
%'iation  is  meafur'd  by  the  Angle  in  which  the 
Righr  line  conneding  the  center  of  the  Moon 
and  Eye  is  incHn'd  to  the  Plane  of  the  Ecliptic, 
(by  !>.;.  j.  E/cw.  xi.)  agreeable  to  what  was 
faid  above  concerning  ihe  primary  PlanetSj 
Trop.  V.  and  vili. 

liefidcs,  theMoon,  like  the  other  primary  Pla- 
nets, being  an  Opake,  Rough,  Spherical  liody, 
refle<aing  the  Sun s  Rays  falling  upon  it;  'cis 
evident,  that  half  of  it  being  turnd  towards  the 
Sun  is  illuminated  and  bright,  while  the  other 
half,  that  is  turn'd  from  the  Sun,  continues  ol>-- 
fcure  and  dark.    Now  only  that  Hemifphere  of 
che  Moon  which  is  towards  the  Earth,  can  be 
fecn  by  an  Inhabitant  of  the  Earth  viewing  it: 
Conlequently  the  Fhafes  of  the  Moon  will  be 
various,  according  to  the  various habitudetf  the 
inlighrcn'd  Hemifphere  to  that  which  is  rurn'd 
towards  the  Earth  j    as  was  fliewn  m  the  like^ 
cafe  concerning  the  inferior  Planets,  in  Prop.vl 

If  the  Moon  be  at  ^  in  the  Scheme  \_Fig,  14.] 
the  point  juft  oppofite  to  the  Sun,  which  we  will 
fuppofe  to  be  at  O,  and  the  Earth  in  T;  'ris 
evident  that  the  whole  enlighten'd  face  of  the 
Moon  is  lurn'd  towards  the  Earth;  this  Phafis- 
or  appearance  of  the  Moon  is  call'd  the  Fnfl 
Moon.  If  the  Moon  be  remov'd  to  By  the  Suo 
and  Moon  continuing  as  they  were,  part  of 
the  bright  or  illuminated  halt  will  be  turn'd 
from  the  Earth,  and  part  of  the  obfcure  or 
darkened  half  rurn'd  cowards  it  j  hereupon  the 
Moon  will  not  appear  full,  but  Gibbous,  or  a 
little  deficient  or  obfcure  in  oppollte  to  the  Sun. 
ThcAloon  arriving  to  the  fituation  C,  where 
the  Angle  c  TS  is  Rightj  and  (be  Moon  in  one 

of 
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'Attiusy  half  ibc  Tlemifpbcrc  whidi 
:he  Earth  is  ill  J,  and  half 

rh\ch  flccoi  •  "vpcai- a  half 

in  the  tlgcrc  vl  v)n  hnrintr 

for  indancc,  co  D^  bor  a 
'      '*eo  ihcr     '    *  r:j. 

prirr  rci  jod 

ib£  inligticen  d  pare  will  appear 
reafon  ot  the  Moor         '  ■   r-^  -  • 
rcndy  pl:incF*tjr!r': 
tnm*d  away  fru  an,  as  (ball 

iccd  in  chc  next  1 .         ''  i,  or  in 
f«,  earned  toward.  ih     Ac 

the  Moon  15  come  cu  die  {>oinr  K^ 
ndion  with  xh^-  ^"n  >?*  ri,-  i^- 
"is  turned  froii'  dq- 

n  will  be  inciicly  dark,  and 

^.-  c  ;   becaufc  it  will  foon  ap- 

nd  fliew  its  Horns  ftill  curn'd  from 
id  confequently  now  t-         '    the 

"wards  being  upon  tlic  1 ,.,  ic 

A  half  Moon  ac  G,  at  the  end  of  che 
r,  34  it  did  in  C  at  the  beginning  of 
irccr  J  then  Gibbous  at  f/,  till  it  bc- 
gain  at;  j4.  For  greater  eridence 
|H  of  the  whole,  wc  have  drawn  the 
'  of  the  Moon  fccn  by  us,  corrc- 
^evtry  diilinA  fituation,  and  plac'd 
a  it.  * 

time  of  the  Moon's  Revolution  a- 
:rh  be  but  27  Days,  7  J  Hours,  which 
PcrwJ/c  Month,  yet  by  a  Month,  or 
wn  is  commonly  underftood  all  that 
pe  that  is  fpent  trom  onc^New  Moon 
tt  following,  which  is  greater  than 
entiou'd  Periodic  Month  ;  becaufc 
I  Periodic  Month,    in   which   the 
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Moon  departing  from  the  point  K,  where  the 
Mew  Moon  now  happem,  returns  to  it  again  ; 

the  Earth  itfelf,  together  with  tiie  Moon  its  At- 
tendant, n  carried  an  intire  Sign  in  covfefuntia; 
fo  that  the  faid  point  of  the  Orbit  of  the  Moon 
Jf,  15  more  towards  the  weft  of  the  Sun;  and 
confequently  the  Moon  is  not  yet  arrived  to  a 
conjan(9ion  with  the  Sun ;  bat  ftill  lacks  2  days 
and  y  hours  to  it/  or  to  be  become  New ;  chat 
rs,  to  finifh  an  intire  Lunation,  and  all  the  fe- 
reral  Changes  of  its  Appearances;  which  (pace 
of  time  is  calTd  a  Synodic  Month,  and  conllus  of 
2^  days,  12;-  hours, 

A  little  before  and  after  a  New  Moon,  vtx^ 
when  the  Moon  i$  in  D  or  F,  rhe  Rays  of  the 
Stin  rcfleded  from  the  Earth,  meeting  with  the 
Moon,  are  the  caufe  of  that  faint  Light  by 
which  the  reft  of  Moons  Difc  befides  its  Horns, 
is  then  rcnder'd  vilible.  But  when  the  Moon  b 
j^ot  out  of  the  way  of  the  reflexion  of  the 
Earth's  light,  that  faint  light  vaniflies,  being 
falfly  fuppos*d  native. 

Profosxtion  XVIL 

TO  Jraw  the  Vb^/is  or  Afftattintt  (f  she  Moon  di 
fifty  given  Time. 
Let  a  Plane,  the  fame  with  that  of  theSchcm*. 
for  inftancc,  paffing  thro'  the  Centers  of  the 
Sun,  Earth  and  Moon,  cut  rhe  Globe  of  thd 
Moon,  and  let  its Scdion  be  the  Circle  ADBC', 
[%''r]  I'ttCDbe  a  Diameter  of  thcCirde^ 
and  S  L,  a  right  Hne  connsfting  the  Centers  of 
the  Sun  and  Moon,  perpendicular  ro  it ;  ?md 
A  B  another.Diametcr  to  which  the  ' 
7"^,  conncdKng  the  Centers  of  rhe  ;^...i. 
Moon,  is  perpendicular.  From  the  Point  D, 
D£  fall  a  perpendicular  to  jiS,  ititeting  it  iri^ 
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pcrpeiMlkmbc  to  chat  of  Uib 

id  upeit  the  DUnmer  CD,  fcpt- 

'  rcn'd  Hcmirphcrc  from  che  ob- 

te  cns^)ed  afcof  the  fame  mu- 

.»  iq»ra€«s  ihc  vi/ibic  fiom  the  in- 

t. ...  -T-i...  ^jj  of  tlicGlobc  of 

<  CO  boih  Hcmtfpfaem, 

;h  lies  between  the  PUncs  ercded 

^    •       '■    ^         ^  pan  of 

..  lic^bc- 

pun  iiL,  i>L,  iriil 

,  I  w.u.jn.     Both  thv^'^"- 

irible  Hcmirpl-crc,  as  wc:' 

the  oh'  :  lited  in  the 

o:   ..  -  V,. .  ..  ..  the  Moon; 

which  a  Righr  line  mifed  from 
vir  CO  the  Plane  of  the  Circte 
pro-Jute. 1  K.ich  ways,  n>cas  lim 
tace;  ci  being  the  commoa 

\t  two  PLaics  cic^f^ed  upon  AB,  atul 
breadth  of  thefe  puru  is  xa 
;rence  ADB-y  the  breadth  of  ob« 
Dy  of  the  enlightened  >^D.    The 
meafurc  of  the  Angle  HLD,  wUch 
le  Angle  SLT9  con  coined  uoder  tbo 
Irawn  from  the  Center  of  the  Mooo 
of  the  Sun  and  Earth.    For  if  eo 
igles  SLD^  TLB,  (bccaufe  right 
!d  the  common  Angle  P  LT^   the 
ition'd  will  be  formed,  which  are 
equal.    But  at  any  given  rime»  the 
le  Moon's  Diilancc  from  the  Son, 
known;  conTcquently  S  LT^  iis 
^c  to  two  right:  For  the  Diftancc  of 
frotn  the  Earth  is  fo  (mall,  in  cora- 
the  diilance  of  the  Earth  from  tho 
ic  Right  LiaesT^,  LS,  drawn  from 

(he 
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the  Earth  and  Sun^  may  be  taken  for  paralleb. 
Make  therefore,  that  as  twice  the  Radius  is  to  the 
verfed  line  of  the  Angle  TL  5,  fo  is  B  A  to 
BE.  And  fince  the  Hemifphere  of  the  Moon 
feen  from  the  Earth,  appears  like  a  Circle,  asic 
happens  ro  'any  Globe  feen  at  a  great  Diftance, 
according  to  the  Principles  of  Optic:  Let 
^M/{N(^/^.i6,]beaCirctereprerentingtheDifc 
of  the  Moon,  the  fame  with  the  former,  made  by 
the  SccHon  of  the  Moon  with  a  Plane  creeled 
upon  W/J,  and  confcquently  defcribed  upon  the 
fame  Center  L,  and  with  the  fame  Diameter. 
Bccaufc  the  Moon  is  at  a  confiderable  diflance, 
each  point  of  its  Difc  will  be  feen  by  Right 
lines  parallel  to  the  Right  line  LT.  And  there- 
fore 5£,  and  AEy  will  be  the  greateft  Latitudes 
of  the  tnlightened  and  obfciiTC  parts  in  th«  Difc 
of  the  Moon.  Draw  the  Diameter  A/N  per- 
pendicular to  A  B\  and  defcribe  theSemi-Ellipfe 
ME  Ny  whofe  greater  Axe  is  A/ IV,  and  leller 
equal  to  twice  LE,  MA  NE  M  will  bethe  in- 
lightcn'd  Part,  and  MENEM  the  obfcure^ 
Part  of  the  Moon's  Difc  A  MB  N.  -• 

For  the  boundary  of  illumination  on  the  Sph^ 
rical  Surface  of  the  Moon,  by  the  S  ich 

is  likewife  Spherical,  is  a  Circle;  anci  w..?  v.ir- 
cle  feen  at  a  diftance  obliquely,  appears  like  an 
Ellipfe,  whofe  Semiaxes  are  LA/,  LEy  a$  is  e-J 
vidcnt  from  Optics :  'Tis  feen  oblinnfi..  Ky  7-^^ 
becaufe  the  Right  line  S  L  pcrpc;  to  its 

Planes,  is  inclined  to  LT\  excepting  wtien  tho 
Moon  is  Full,  where  they  coincide. 

In  the  Conftruftion  of  this  I'roblcnt,  we  fup- 
pos'd  half  the  Globe  of  the  Moon  to  be  inligh- 
len'd,  and  half  liktwife  to  be  lecn  by  a  i>pc*tta- 
cor^  tho*  neither  of  the  Suppofuions  are  rigo- 
roufly  true :  For  the  Sun  being  bigger  than  cha 

Mo 
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FC  x\\M\  half  the  Moon  is  inli^en'd  | 
pe^acor  noc  bcin^  at  an  innnicc  Dt* 
"    *'oon,  its  intire  Heroirphcro 
But  the  difference  in  both 
b  fb  rmull,  ch:ir  ir  may  very  well  bo 
And   rhc  Phalis  or  Appearance  of 
(^cHncatcd  as  above,    iuthcicncly  a* 
tcions.    Tliat  chc  Scheme  may 
u.v  n^'4Vtn%,  the  Line  B  W,  to  which 
ding  the  Horns  is  perpendicular, 
cd  in  fuch  aSimation,  may 

y  toiheStjn:  FortheKi^i.^  jiuc  LjI^ 
coincides  with  the  line  LS  tend- 
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(es  of  rhc  inferior  Planers  and  Mart, 

in  Pr^p.vl.  and  ix.  arc  to  be  delineated 

|if  ;  Bur  then  if  L  rcprefcnt 

U  ■"..«,  ".^  Right  lines  rs,  LA'  are 

flin^d  to  one  another^  and  form  a 
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f^ity  oftb€  Earth  cjjiiisg  a  Sha 
of  the  Mom* 

is  an  Opake  Body,  c 

iighten'd  by  the  Sun,  it  :  -t- 

thofe  p;^rts  which  arc  turnd  trora 

tnd  this  Shadow  muft  always  be  in 

M  the  Ecliptic  •  lincc  boch  Sun  and 

(ways  there.    [Fjk  47.]  If  ac  any 

[oon  when  Full,  /hould  happen  to 

lane  of  the  Ecliptic,  or  pretty  near 

it  will  be,  when  the  Full  Moon  hap- 

bear  a  Node,,)  'tis  evident  the  Moon 

piers'd  in  the  Shadow  j  and  confe- 

^ived  of  rhc  Sun's  Light,  by  which 

D  it 


H 


The  Elements 


BookL 


k  Oiincs;  that  is,  ic  will  fufFer  an  Eclipfe  which 
will  be  Tet.iloT  Partial^  according  as  the  whole 
or  only  a  pare  of  the  Moon's  Body  emers  the 
Shadow. 

The  Earth's  Shadow  terminates  ac  lait  in  a 
Point,  and  does  not  tench  fo  far  as  Mars:  For 
Mars,  tho'inchc  Plancof  theEcUpric,  andop- 
pofite  to  the  Sun,  is  not  Eclipfcd;  which  it  ne- 
ceflarily  would  be»  if  it  were  immers'd  in  the 
Earth's  Shadow :  For  Mars  is  an  opake  Body, 
as  is  Ihcwn  in  FropAx.  'Tis  evident  at  firft  fight, 
from  this  Figure  of  the  Earth,  that  the  Sun  is 
htgger  than  the  Earth:  For  if  the  lucid  Body 
be  bigger  than  the  opake  one,  the  Shadow  will 
be  equally  thick  and  cylindrical  j  But  if  che 
Idcid  Body  be  lefs  than  che  opake,  the  Shadow 
indeed  will  be  conical,  but  growing  bigger  and 
bigger,  and  the  farther  off  it  is  from  the  opake 
Body,  the  thicker  ic  is ;  and  in  both  cafes  will 
be  extended  infinicely.  As  che  Sun  is  bigger 
than  che  Earth,  fo  the  Farth  is  bigger  than  che 
Moon;  hecaufe  che  Moon  fomecimes  is  totally 
tclipfed  by  entering  into  che  Earth^s  Shadow  j 
but  the  Earth's  Shadow  is  much  fmaller  where 
I  he  Moon  enters  ic,  than  nearer  co  che  Earcb, 
as  is  evident  from  what  has  been  already  Hiewn. 
Let  the  Circle  f^M  {_Fig,  x8.]  reprefcnt  cb< 
cranfverfe  Section  of  che  Earth's  Shadow,  where 
ic  croffes  rhe  Moon's  Orbit.  Lee  L^F  be  che 
»  Orbic  of  the  Moon,  C  E  the  Ecliptic  The  du» 
ration  of  fome  Eclipfes  is  found  to  be  fo  long 
(  for  inftance,  four  hours,)  as  to  let  che  Moon 
go  the  length  of  three  of  ics  Diamecers  in  the 
shadow  louilly  Lclipfed.  This  happens  when 
the  Center  of  che  Moon  paffes  thro'  che  Center 
of  che  r^arrh's  bhadow  or  Circle  i^M:  Aad 
fuch  an  Eclipfe  is  call'd  a  T^tal  and  dntrglEdipk. : 

Sofflc^ 
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es  the  Moon  is  not  arrived  at,  or  hn 

Fed  the  Node,  when  it  is  entering  the 
w:    Notwirhftanding,   ii  acthvt 
r  the  Kodc,  it  will  be  toodly  im- 
tbere  will  happen  ji 
*  ^clip/c,    nor  of  fo 
'    For  the  way  of 
irbro'th  w,  is  left  than 

of    :>-     iKiUQv.,  bccaufe  ic  does 
)'  iT%  C  i;.c;  ;  and  confcquemly^r^- 
p..  will  be  paiVd  thro'  I'ooner. 
thc^:   ='•-  f    ^-  ^  from  the  Shi. 
r.  10  l"  the  MoooH 

as  it  p^^lics  in  its  Orbit,   near  the 
leEclipfe  will  be  a  partial  one^  and  is 
To  many  Digits  as  there  iirc  twelfth 
Moon's  Diimcrt  i'd,  wtiea 

'  '   ireft.     For  [he  .-^la  »otcrof  the 
chcr  Intepcr)  is  imagin'd  ro  be 
'clve  Parts  or  Digits;  \\  :o 

like  wife  of  any  oihcrPi,  n 

all  thefe  Cafes,  in  the  V.lI;    ing 
ifc,  the  Moon  er  :  Weftcoi  pare 

idow,  with  the  „,.-_.ii  pan  of  her 
in  the  end  of  it^  (he  leaves  the  lLa« 
•f  the  Shadow  with  the  Weflern  part 
lb ;  and  all  the  Lntcnncdiate  time  is 
ito  the  £cltp(e ;  but  only  fo  much 
ral  immcrfjon,  as  pafs'd  While  the 
totully  in  darknefs.  The  Laftcrn 
Moon  in  its  acceis  to  the  Shadow^ 
Iter  prefcntly  into  the  tliidccft  Dark- 
»W4  darker  and  darker  as  it  ap- 
ighcr  CO  the  Shadow ;  and  this  arilcs 
;numbra,  which  always  accompaiiies 
:which  is  made  by  a  lucid  Body,  that 
Bcr  a  lenfible  Angle.  And  this  Pe- 
D  a  iiumbra 
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numbra  is  diffiifed  all  about  the  Shadow.    Lee** 
©be  the  Sun,  [%.  ai.]  E  the  Earth,  and  let 
Right  lines  be  drawn  juft  us  in  the  Scheme:  AU 
abouc  the  Shadow  Tl^MR,  where  no  part  of  the 
Sun's  light  can  come,  a  Penumbra  l^TPMRN 
is  fpread,  fome  pare  of  the  Sun's  light  not  been 
ftop*d  therein  ;  And  this  Pcniunbra  is  darker  to- 
wards T^j  RAf  which  are  the  extremities  of 
the  perfert  Shade;  becaufc  fewer  Rays  can  arrive 
thither,  the  portion  of  the  Sun^   from  which 
they  are  emitted,  being  fmaller;    but  lefs  ob- 
fcure  towards  TP,  R  K,  where  more  Rays  can 
reach :  And  beyond  which  limit  all  the  Rays  of 
the  Sun  can  reach  without  any  hindrance  at  all, 
and  inlighten  according  to  the  degree  of  their 
vigour. 

•■  The  Red  colour,  that  the  Moon  in  the  middle 
of  the  Gompleac  Shadow  is  afFeded  withal,  and 
makes  her  look  like  a  Brick  (for  in  fome  Eclipfcs 
the  Moon  intirely  difappears,)  feems  to  a  rife 
from  the  Sun's  Rays,  either  refra(5ted  in  their 
paflage  thro*  the  Earth's  Atmofphere,  or  re- 
flected by  fome  particles  of  Matter  flying  about 
the  Earth's  Shadow,  to  the  Moon  ■  or  from  the 
light  of  the  StarSj  or  all  thefe  taken  together. 

Some  kind  of  EcHpfe  or  other  of  the  Moon, 
happens  generally  twice  a  Year  ac  leaft  :  For 
there  beiiig  two  Nodes  in  which  the  Moon's 
Orbit  crofles  the  Ecliptic,  and  they  moving  r» 
iti^Tccedentiay  (by  Vrof.  xvi.)  and  the  Sun  appear- 
ing to  go  thro'  tiie  Ecliptic  in  conftquenna,  CbV 
Vrop.  ii.)  the  Sun  muft  meet  one  or  other  of  thefts 
Nodes  twice  every  Year;  and  confequentl)^tho 
Earth's  Shadow  muft  perforate,  as  it  were,  the 
Moon's  Orb  in  the  other  Node.  If  therefore  a 
Full  Moon  happens  juft  at  that  time,  the  Moon 
muft  neceflarily  be  totally  and  centrily  Eclips'd, 

as 


tonftrated  above.  And  tho*  a  Fall 
noc  liappcn  jail  iis  the  San  and  Node 
the  ■  '  the  Orbit  of  riic 

:bc  1  _  Alt  depth  of  the 

»w  is  U  fiat  tfao'dicFuU  Mooa 

ten  Days  irooi  the  aforefui  J  time, 
^ic,  and  it  can  be  diilaat  but  ttfttct\ 
le  Moon  will  fcarce  gee  clear  of  the 
lur  if  the  aboTcmcDcion  d  meeting  of 
id  Lunar  Node,  happen  on  the  very 
"  lew  Moon,  or  a  Day  or  two  before 
can  happen  but  fcldom,  the 
Far  enough  off  firom  rhc  Eardi's 
the  next  Full  Moon,  whether  pre* 
allowing,  and  fo  will  efcapc  an  !:-> 
ifequently  tliere  will  be  noiiclipie 
ir. 

PacposiTioN  XIX. 

n  tic  ThKnofneva  ef  tin  Sun  f^tn  fi^nk 
rtby  afid  arifing  from  tht  Oftititj  »f  tb^ 
ilffii  of  the  Sun  iKcounieJ  fsr» 
loon  upon  ilic  incerpofition  of  the 
!pn\'ed  of  the  Sun*&  light,  and  faid  to 
I ;  fo,  in  like  nioniier,  if  the  Earth 
Dbbed  of  the  Sun's  light,  by  the  in- 
of  the  Moon,  this  Phxnomcna  ought 
an  Eclipfe  of  the  Earth.  But  the 
f  it  being  on  the  Earthy  :mJ  allow- 
(s  of  Light  or  Eclipfe^  nor  Motion, 
er  tiling  that  feems  to  argue  an  itn* 
his  place  of  abode,  calls  tliis  Phx- 
n  Eclipfe  of  the  Sun  j  for  the  fame 
D  Inhabitant  of  che  Moon,  would  lay 
Rs  eclipfed,  when  the  Moon  is  really 
ito  the  Larch's  Shadow. 
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!  -Tifi  evident  an  Eclipfe  of  the  Sun  wiJI  happen 
in  every  fuch  New  MooOj  as  has  the  Moon  at 
or  rear  any  of  the  Nodes.  For  then  the  (hadow 
of  the  Moon  lying  dire<5tly  becwixt  the  Sun  and 
^arth,  reaches  to  die  Eanb,  and  cau(es  a  total 
Eclipfe  to  the  Inhabitants  of  the  ira<ft  C  D 
[Fi^.  22.]  that  are  immersed  in  the  thickeft  {ha<le. 
But  the  Moon's  Shadow  not  being  large  enough 
to  Qover  the  whole  Earth,  the  circular  tra^ 
5C,  EDi  which  furrounds  the  former  C D,  i$ 
cover  d  with  the  Penumbra,  and  its  Inhabitants 
^  only  a  partial  Eclipfe  of  the  Sun ;  which  is 
greater  towardsC  and /),bccaufc  a  greater  porti- 
on pf  the  Sun  will  be  cover'd  by  the  Moon; 
but  lefs  towards  H  and  E,  the  exrremities  of  thp 
Penumbra,  and  the  defecl:  of  light  is  fcarce  /en- 
able. At  the  fame  time,  in  other  places,  as 
E  h\  the  bigncfs  of  the  Earth  is  the  reafon  why 
there  is  no  Edipfe  at  all ;  the  Sun  inlightning 
it  without  any  hindrance  or  impediment. 

All  the  preceding  account  happens  in  Nature, 
jufl  as  it  has  been  related.  But  if  we  look  up- 
on the  Sun  and  Moon  from  our  Earth,  the 
Moon  will  fcem  to  cover  the  Sun  more  or  left 
according  as  the  SpeAator  is  nighcr  or  farther 
off  from  the  total  Shadow  [F/j.  2;.]  And  be- 
caufe  the  Moon  which  covers  "the  Sun  can't  be 
fccn,  the  Sun  will  appeai*  to  be  darken  d  in  that 
part  which  the  Moon  covers,  the  reft  only  re- 
{naining  lucid« 

Sometimes  a  central  Eclipfe  happens  not  to 
be  total  i  but  3  bright  Ring  feems  to  furround 
the  Moon :  The  reafon  is,  at  that  time  the 
Moon's  Ihadow  is  fo  ftort  that  it  cannot  reach 
the  Earth ;  cither  becaufe  the  Moon  is  then  fo 
far  off  from  the  Earth;  or  becaufe  the  Sun's 
J^ays  thiit  graze  along  the  extreme  parts  of  the 

»>1  •( 
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more  rhan  ordinarily  inflcirkd,  and 

the  Moon's  Qudow     Thcbignct  of 

xUpfe  is  CO  he  cftimattd  jui!  i^  in  cbc 

the  dicic*.  of  the  Sun's  diameter,  that 

'd  by  tJbc  Moon  sic  the  time  rIv  .  - 

IJkcwifc  that  the  Moon  nv^ving 

■Eaft,  or  from  y>,  thro'  "i  ro  /^ 

wcH  A  of  (lie  Earth  will  be 

low  hiit,  >Miiv.h  will  pal>  .ilong  the 

like  a  Spot,  thro'  B,C,  D,  £,  to  F, 

re&  the  L:srrh.    But  if  the  Moon  bfe 

from  the  Earth,  die  e*fter  -■  ^•■' '•  of 

ill  firft  cover  the  wcflern  <  ..a, 

ot  tlic  Moon  will  la  ft  micover 

of  rhcSun:    An^' r''     'Tcaccft 

izt  happens  in  a  total  I  fooa 

fome  part  of  the  Sun  -^  diik  being 

juncover'd,  almoft  io  foon  as  the  whole 

r'd :  and  that  parr,  rho*  never  fo  little, 

'lighten  the  Air- 

ji\  nuift  l>e  in  a  Node  the  very 
ii  the  New  Moon^  to  cau(c  thtbiggeit 
the  Sui     '  '^'  '  .^  aj^j  j|i;jt  ^\yQ 

\i  the  K\  ^,         ng  tlie  middle 

irch ;    Yet  ir  fhe  be  not  far  off  from 

\c  fliadow  of  the  Moon,  or  at  Icaft 

Penumbra,   will  fall  upon  fome  rrac:^ 

rthj  being  fo  big,  and  there  caufe  a 

lead  a  partial  Eclipfe  :  And  in  this 

are  more  Eclipfes  of  the  Moon  fhaa 

Bur  Lclipfes  of  the  Sun,  in  any 

:,  are  much  fewer  than  the  Rclipfcs  of 

bccaufe  the  Moon^  fliadow  i>  Icfs 

.arth's,  and  confequencly  ic  docs  not 

\y  given  place  upon  tlie  Earth,  fo 

lanlf  s  Ciiadow  doe&  fome  part  of 
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The  fame  Phxnomena  will  appear  in  Jupiter 
and  Saturn  :  For  their  Satellires  or  Moons,  will 
be  eclipfed,  by  being  immersed  in  the  (hadow 
of  their  primary  Planet ;  and  thofe  £clipfes  of 
them  are  obferved  by  U5,  juft  as  the  Eclipfes  of 
our  Moon  may  be  obferved  from  them.  In  like 
manner,  every  Satcllcs  coming  between  the  Sun 
and  its  Primary,  cafts  a  fti^dow  upon  the  Pri- 
mary, which  leems  to  move  along  the  Disk  of 
the  Primary  from  Eaft  to  Weft  like  a  Spot. 
But  the  Duration^  Phafes,  Periods,  &c.  of  thefe 
Phasnomena  arc  various,  and  differing  from  the 
like  feen  by  us,  and  arifmg  from  our  MooDj 
according  to  the  divcrficy  bt  the  Shadows,  Mo-^ 
tions  and  Magnitujies,  both  of  the  Primary  and 
Secondary  Planet. 

Proposition  XX- 

Ey^ch  of  the  Secondnry  Vlamts  tftentionJ 
Trop.  XV.  h  urged  by  a  Force  comfounded  of  a 
^Centripetal  For cr^  tending  to  the  center  cftbe  Frimary, 
shouf  wbkb  if  rs'vol'uesj  and  of  all  the  Accelerating 
Force  ovith  which  the  Primary  is  urged^  And  therer 
fftre  the  Farces  whereby  the  S-UeliUes  are  retain  d  is 
their  Orbits  about  the  Frimary  cneny  tend  towards  the 
centers  of  their  Trimary  ones  rejpeiiivcly, 
•  Becaufe  the  Sarellires  ot  Jupiccr  and  Satuya 
^e\'oIve  equably  in  circular  Orbits,  concentric 
with  Jupiter  and  Saturn,  they  defcrfbe  Areas 
about  thefe  Centers  refpcdiveiy,  proportional 
to  the  Times.  In  like  manner,  if  the  Moon's 
Orbit  differ  from  a  Circle  concentric  with  the 
Earth,  the  lefs  the  Moon  appears,  (chat  is,  the 
farther  it  is  from  the  Earth)  the  llower  ir  moves 
round  the  Earth,  fo  that  ftill  the  Area,  that  the 
Jljldi^  di-gw|i  cp  (he  gemcr  of  the  Earth  d^- 
*-  '  ,  '  fcribes 
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^^a^bty  augmented.    So  rhar  nnivciv 

\hi  chc  abovemcncion'd  s  de* 

' '    n  Radius,  drawn  to  inc  ccnrcr 

cf,  abouc  that  Center,  rro- 

xt  ir  therefore  t|-*<  > 

aitt,  and  Us  rcvol* 

!  to  be  urged  alon^  I 

Force  equal  and  contrflry  to  char. 

Primary  Planet  in  :ha:  Point  of 

fherc  it  then  is,  is  urged  cowards  the 

mary  Planer  will  no  longer  defccnd 

Sun;  and  the  Secondary  will  con- 

ribe  the  famp  Areas  about  the  Pri- 

re;    that  i»,  proportional  to  tho 

a  the  Bodies  move  any  how  in 

ic  another,  and  arc  urged  by  equal 

Forces  along  parallel  lines ;    or, 

I,  if  the  Space  in  which  they  per- 

[otions  be  moved  uniformlv  in  a 

they  will  move  all  at^  fimc 

they  would  do  if  thofc  *  ..,,   v/crc 

:he  Space  were  ar  reft,  in  whicli  they 

;d).    So  that  c:ich  Satcllei,  only  ur- 

idifFerencc  of  the  Forces,  will  go  oa 

►,  about  the  center  of^ioi  Priinaiy, 

ircional  ro  the  Times.     Therefore, 

I.  the  difference  of  thofe  Forces  tends 

iry  Planet  as  a  Center.    But  before 

>le  Syftem  was  urged  along  parallel 

Force  equal  and  contrary  to  ihit, 

IC  Primary  Planet  is  urged  toward* 

It  is,  in  its  naitiral  State,  each  Satcllcs 

a  Force  compounded  of  the  Cxntri- 

cending  to  the  center  of  its  Primary, 

the  accelerative  Force  that  the  Pri- 

rged  by.    Confequently  the  'foresaid 

fof  she  Forces,  b  that  whereby  ch4 

Satelle^ 
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Satelles  is  retained  in  its  Orbie  dbout  the  PrU 
mary,  the  remaining  accelerattve  Force,  where- 
by the  Primary  Planer  is  urged  in  any  Point  of 
its  Orbit,  conferring  nothing  to  this :  But  this 
difference  has  been  Hiewn  co  tend  to  the  Center ; 
therefore  the  Forces  whereby  the  Secondary 
Planets  are  retained  in  their  Orbits  about  the 
Primary,  tend  towards  the  Centers  of  the  iaid 
Primary  refpedively.  Which  was  to  be  dc- 
monftrated. 


J 


Section    IV.  _ 

Of  the  Periods  of  the  Primary  Planets  about 
the  Sun,  and  Secondary  about  their  re- 
fpcftive  Primary,  compar'd  together,  and 
of  their  Diftances  likewirc  compared  to 
gather,  with  their  mutual  relation  to  on« 
another,  the  reafon  and  caufes  of  it. 


Proposition  XXI. 

THE  Motion  of  the  Seccndary  Planets  rev^l't/if^ 
about  a  Frimary,  is  fuchy  as  jhfit  the  Stjujr^s 
cf  tbe  Veriodic  Times,  are  in  the  fame  rath  su 
the  Cubes  of  their  Diftanees  from  tbeCotrervf  the 
Trtmary, 

This  Theorem  is  abundantly  evident  from 
|he  Obfervations  of  Aftronomers:  And  by  the 
Squares  of  the  Periodic  Times,  you  muu  tm- 
dcrftand,  the  Squares  of  Right  lines,  or.  of 
Kumbers,  having  the  fame  ratio  as  the  Perio- 
dic Times  J  in  this  Senfe  alfo  are  the  Squares  of 
the  Velocity,  and  the  like. 

Thus  in  the  Satellites  of  Jupiter,  where  die 
Periodic  Times  of  the  knmoft,  fccond^  third. 
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and  rhrir  Diftunce*  as  f  f,  9,  14^ 

Squiire  of  the  Periodic  Time  oif 

nfltnely  ;,   is  to  t;  the  Square  of 

Time  of  tfK  fcrond  S^tcllcs,  n  170, 

'of  the  '  *'' •'    '         Tioftfipom 

ofjup:  be  of  the 

the  ieoood  from  chence.  In  like 
ig  ro  '•  '  '  Square  of  t^ic  Pcriodtc 
ic  I  ,  as  T70  to  1*90,  the 

ic  diiiunoeof  rhc  third  t  Cen* 

r     Aiid  ;  i>  co  i^^,  >^ajrc  of 

Time  nf  the  ol  relief,  ts 

fo.  r  the  diilancc  of  the 

►ro^wj..x^.  ^  ^viiter.    And  therefore, 
fame  ratio  holds  between  any  o- 
thcm  compar'd  together;  2>  the  fc- 
thc  third  or  the  laft,  or  the  third  with 
'his  Ratio  comes  out  more  evac^  if 
ices  and  Periodic  Times  arc  taken 
rtiraocly. 

ime  will  he  found  to  hold  in  the  SateU 
►atum,  if  you  take  the  numbers  laid 
.  Frcp,  XV,  that  rhcirdiftanccs  fromS«- 
d  their  Periods  about  him  may  be  cfti- 

f3t  the  Moon  being  '  *  iry  Satc!- 
ppofwion  can't  be  ;ii  ^  d  her. 
'  Pboposition  XXIL 
riw  cfshi  Pr}mt)ry  TlttnfSs  about  thf  Suit, 
i  as  fiat  th*  S^tdares  of  tbtW  PerioJie 
in  tie  fame  rati9  ^s  the  Ctthts  ttf  tbrir 
r  from  tit  Sun. 

J  forinftance  in  round  numbers,  thcPe- 

Saturn  is  50  Years,  Jupiter  12;  their 

are  900  aod  144-    The  diftance  of  Sa- 

m  Che  Sun,  is,  by  Obfcrvacion,  to  the 

'    •  Uiilanco 
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diflance  of  Jupiter  from  the  fame,  as  9  to  y  al- 
moft^  their  Cubes  are  729  and  12^.  But  *ris 
evident  thofe  Squares  are  nearly  as  thcfe  Cubes. 
Alfo  che  Period  of  the  Earth  is  a  little  more  than 
ifour  times  greater  than  the  Period  of  Mercury ; 
confeqnently  their  Squares  are  as  17  to  i  almoft.- 
Suppofing  the  Diftance  of  the  Earth  from  the 
Sun  to  be  ten  parts,  the  Diftance  of  Mercury 
is,  by  Obfervation,  about  4,  or  j,  9;  and  their 
Cubes  as  1000  to  j9  :  But  17  is  to  i  almofl  as 
J 000  to  J9  i  And  lo  on  in  the  other  Planets. 
The  more  correct  the  Diftances  and  Periods  are 
taken,  the  nearer  you'll  come  to  thisProportioru 
What  has  been  now  faid,  may  fufficeac  prefent.- 
Thc  Propofition  being  more  exadly  to  be  made 
out  in  the  third  Book. 

Proposition  XXIIL  ' 

THE  Spaces  flat  a  Body  defer ihes,  A^edufon  hy 
any  kind  of  finite  Force ^  {•whether  it  be  deter^ 
Miuate  and  unchangeable^  cr  the  fume  in  continual 
increafe,  or  continual  decreafe)  arc  in  the  'very  itf- 
ginning  of  the  Motion^  in  the  JufUa^te  ratio  of  the 
7*imes. 

Let  the  Times  he  exprefs'd  by  the  Right  lines 
JD,  AEj  [F/?.  24.J  and  the  Velocities  acquired 
at  the  end  of  thole  Times,  by  the  Ordinates 
D B,  EC  :  And  the  Spaces  dcfcribcd  with  thefe 
Velocities  will  be  as  the  Areas  A  B  D,  ACE, 
madeup,  as  it  were,  of  thefe  Ordinates;  name- 
ly, the  Space  defcrib'd  in  every  (inalleft  parti- 
cle of  Time,  being  as  the  Velocity  and  that 
Particle  of  Time  conjundly.  But,  in  the  bo* 
ginning  of  the  Motion,  the  Ordinates  /)/?,  EC, 
arc  very  near  the  Point  A  ^  and  in  that  cafe, 
^hcTriUneal  Figures  ADfi,  ACE^  are  fimilar 
fetl^iline^l  T::Ungh$,  chat  p^rt  of  the  Curyc 

ABC^ 
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belongs  to  the  inftnirety  fmalt 

es,  not  extending  it  fcif  be)  ond 

:  jfG,  which  is  aTanpent  to  the 

Now  thefc  ftmilar  rcr**^^''-  '^^  Tri- 

tn  the  daplicatc  ratio  of  no-. 

fADjAE.   Confcqucncly  the  :>pac( 

:hc  be(;inning  of  the  Motion^ 

ite  ratio  of  die  Time,    Which  wj 

tdrated. 

CO  ROLLART, 

ICC  wc  may  gather,  that  the  Erroi 

lefcrihing  fmiilar  parts  of  fimilar  ¥V 

iportional  Times,  generated  byan] 

ting  Forces  Amilarly  applied  to  tl 

meafur'd   by  the  diflanccs  of  (hi 

thofc  places  of  the  iimtlar  Figures 

tefe  Bodies  would  arrive,  in  the  fam^ 

il  Times,  without  ihofV  '"         ,  ar< 

15  the  Squares  of  the  Tj  icn 

I  generated.    For  thefc  lirrors  are  chl 

"  ;h  the  Bodies  adled  upon  by  the  di-' 

ttcc  defcribe.    But  if  ihcfc  difbrbing 

'not  equal,  but  in  a  given  racio;  the 

IS  chole  Forces  and  the  Squares  of  the 

jjun<ftly;  fuppofing  the  Force*  iimi- 

^d. 

Proposition  XXIV. 

fff  or  tvantfccnx  fuhteufe  of  (he  AngU  of 

\  in  any  Circle^  if  in  the  ditfUcuU  rtitt9 

fninous  Arc. 

C  [F/g.2f.]  be  a  Circle,  the  right  line 
tgcnt  in  Ay  confeqnentlv  the  Anglfi 
^  RAD.  I  (ay,  any  Subrenfe  thyt  is 
t  to  the  Poinc  Ay  for  inUance,  BD  is 
Ire  of  the  Arc  A  D ;  that  is,  the  fub- 
b  CO  another  fubtenfe  bdt  in  the  fame 

cir- 
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■cnmftances,  as  che  Iqaareof  che  Arc  AD  t 
the  fquarc  of  the  Arc  Ad~ 

Draw  the  Diameter  w^C,  which  will  be  per^ 
pendicular  to  AB,  join  the  Right  lines  DA,  AA^ 
DC,  tic,  and  draw  DE,  JepHvMeltoAB. 

Firft,  lee  the  Subcenfe  B  Dbc  parallsl  to  AC. 
Now(  by  8:ind  ij.ElemM.)  AD^  =  CAyiAE^ 
and  Ad^^CAyi  At.  Wherefore y^D^ ;  Ad^  ;  ' 
iAExAc:\)  BD:bJ.  Butfince^D,  U  ^t 
uearcftto  the  Point  A,  or  in  their  nafcentcon- 
dicion,  the  Arcs  AD^  Ad^  and  their  Subcenfes 
do  not  differ  from  one  another;  that  is,  they  are 
equal,  Conlcquently,  in  this  cafe,  BD  is  to 
id,  as  the  Square  of  che  Arc  y^D,  to  the  Square 
of  the  Arc  Ad, 

Secondly,  if  the  Subrenfe  B  D  of  the  Angle 
of  Concacb  be  not  parallel  to  A  C,  but  to  A  G, 
[f7|^,  26.]  the  fame  flill  holds:  For,  drawing' 
DFy  d  f  parallel  to  ^  C  ;  then,  becaufc  BFB 
df  y  are limilar  Triangles,  BD  :  kd  ::  DF  :  df; 
but  it  has  beeii  already  fhewn  that  D  F  is  to  df, 
us  ADH  to  A  d'i.  Wherefore  i^D  is  to  l^d,  ai 
AD'i  to  A  J^. 

Thirdly,  if  BDht  fuppos'd  to  be  drawn  ac- 
cording CO  any  other  certain  Law,  (for  indanoe 
converging  coward  the  Center^)  fincc  BD,bd  are 
as  near  as  may  hero  thePoinr  A^  the  Angles  ft,  b 
will  he  equal ;  and  confcqucntly,  in  that  cafe, 
Bd:  bdw  (DF:df  ::  )  Am:AdH.  Which 
was  to  be  demonftriaced. 

SCHOLIUM. 

This  is  true  likewlfc  in  any  other  Curve,  to 
which  a  Circle  equi-curve  may,  be  drawn;  fuch 
as  all  the  C<)nic  Scions  are.  For  the  Poind 
D,  d  (being  the  ne;'reft  th«  can  be  to  A)  muft 
be  in  that  other  Carve,  as  well  as  in  the  Circle, 
which  isequi-curvc  to  it,  by  Hypothefis :  Con- 

fequently 
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Properties  o{  EDy  hdy  which  »* 
ircle^  a^rce  likewifc  to  chU  Qirrc^ 
Circle  is  equi>curve     And  fioc* 
plig  Propolidon  u  true  of  all  Cir« 
hit  likewife  be  true  of  all  Citnrci, 
arc  equi-curve  Circles    drawn  10 


p 
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'c-nbing  ilffttcnt  CircUs  with  an  i^Hi 
art  d^ed  uptn  ij  Cfmrnfttat  Ftrcu 
Ctntrrt  0f  tbcft  Circleu  And  tht  /ir- 
;  another  a$  tht  S^pures  ef  tht  Anty  dtr 
fame  timty  affikd  i#  tbc  Radii  if  tit 
I  lih-i^'ijt  u  trnt  cf  thn  Ccnsnfagal  /W- 
ditf  thmmovtd* 

the  Bodies,  by  their  V\t  infitm  atonci 
ibc  Tangents,  'tis  evident  that  they 
T  from  their  Rectilineal  Mmionj  and 
Circular  Orbits  by  Forces  tending 
ithin  the  Circles*      But  fince,    by 
they  arc  ciirricd  in  the  Circumfc- 
an  equable  Motion  \   the  Areas  d^ 
I  Radius  drawn  to  the  Centers  are 
mented ;  and  therefore  are  propor- 
e  cime  which  ttows  equably;  and 
r  thefe  Forces,  by  Pr^.  xii.  tend  to 
renk 

Bodies  ilf  and  T[/^r^.  27.]  revolving 
tnfercnces  of  ihs  Circles  MA,  TR^ 
:  infinitely  fmall  Arcs  AfF,  TD; 
r  cxtremiries  F,  D,  draw  the  Right 
D  C  as  far  as  the  Tangents,  cither  pa- 
A/,  5T,  or  diverging  from  5:  (For  it 
he  fame,  fmce  MF,TD  arc  only  tia* 
.)  Thele  Right  lines  are  the  effe^s 
derating  Centripetal  Forces;   and 

con- 
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confequently  proportional  to  rhem,  as  their  a-i- 
dequatc  Caufes;  that  is  the  Centripetal  Force  of 
the  Body  M  is  to  the  Centripetal  Force  of  the 
BodyT,  as  £F  to  CD.  Make  the  Fig.  MGWilmilar 
to  the  Fig.  TC  D ;  wherefore  G  H  will  be  a  na- 
fcent  Right  line  :  And  fo  C  D  is  toG  H,  as  the 
Arc  TDy  to  the  Arc  M  H,  And,  by  the  pra:deed. 
G His  to  £  F  as  A/  HH  to  MFH :  And  therefore, 
ex  4c^uo^  CD  is  to  ET,  as  (7D%AfHHtO 
MHxM  F'i  ;  that  is,  as  TD%  MH  to  AI F 9, 
eras)  /Dx  A///x5r  to  A/FHX57 '•  And 
fmceTCD,  A/G  W  areflmilarFiguies,  the  Arcs 
TD,  il^/iarefimilar;  that  is,  ST'.  SM::TD: 
MH.  V^'\KrdorzMH%S7'^rD->^SM.  Then 
by  Subftitution  CD  :  EF  ::  (  TD'iyiSM: 
_      rx)q    MF^ 

But  the  Centripetal  Forces  of  the  Bodies  T 
and  A/were  fliewnto  be  proporrional  to  C  D, 
EF,    Therefore  the  Centripetal  Force  of  the 
Body  revolving  in  T'i?,  is  to  the  Centripetal 

7*jr)q 
Force  of  the  Body  revolting  in  Mj^^  as 


ro 


S  Ai 


ST 

And,  (becaufe  the  Motion  in  both 


is  equable)  TD  and  M  F,  being  defcrib'd  at  the 
finie  time,  have  the  fame  ratio  wirh  any  others 
defcrib'd  at  the  lame  time.  Wherefore  the  Cen- 
tripetal Force  of  a  Body  revolving  in  TR,  is  to 
the  Centripetal  Force  of  a  Body  revolving  in 
M/^,  as  the  vSquare  of  an  Arc  defcribed  in  any 
time  in  TR  applied  to  the  Radius  ST,  is  to  tbo, 
Square  of  an  Arc  defcribed  in  the  fame  lime  104 
AI^  applied  to  the  Radius  5  A^. 

If  the  abovcmencioned  Bodies  be  imagined 
to  be  tied  to  S,  by  two  Strings,  and  kept  revol-  . 

ving 
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Circles  by  the  help  of  them ;  xh%* 
wbercbv  ihc  String  is  ilrctchc<lf1 


IB  Cv.... :,.,...  i.....    .- 

ft  Body  ftrerching  che 


cool 

-   ...jng  ilu 

;Force,  is  true  uHb  of  the  Ccntn- 
Which  was  to  be  demonftrited. 
COROLLART  I. 
;e  it  follows^  that  if  a  Body  Hiouli 
'    '   I',  adcd  upoi 
;  c  ic  in  ill 
(bat  chk  )roicc  be  ncicher  augment' 
icd  in  icsdcfcci      '    ■  ' — '        -'  ^ 
the  tirft  inipuli.  .  - 

le  equal  to  it,  (which  is  thzGaiilf4H' 
►f  GraTity;)  In  the  time  ch;it  the 
Icfcribes  an  Arc  in  che  Circle,  ii 
Jelcenc  towards  the  Center,  dc- 
kc*line^  equal  co  that  which  is  pn 
Square  of  that  Arc  appUcd  to  t!)o 

fthc  Circle.    For  by  this  Prc^,  'tis 
lone  in  the  very  beginning  of  the 
the  prefent  Hypotbells  of  defccnr, 
iin  are  in  the  duplicate  Ratio  of  the 
a  Hnce  the  Circle  is  equably  defer i- 
pres  of  tlie  Arcsdefcribed  are  alfo  m, 
Ratio  of  the  Times  of  defcrip- 
le  application  of  thcfe  Squares,  tO; 
of  the  Circle,  being  a  conftanfij 
loesnot   alter  the  Ratio.    Confe- 
lolds  perpetually.     So  that  in  tliij 
»f  an  uniform  Centripetal  Force, 
in  half  the  Time  that  it  defcribesi 
iCircle  in,  defcend  the  length  of  a- 
to  that  produced  by  the  application 
E  of 


of  the  Square  of  half  that  Arc  to  the  Diameter 
of  the  Circle;  namely,  the  fubquadrnple  of 
the  Right-line,  it  would  tlefcend  in  double  the 
time,  i/ix,'  in  which  it  defcribes  the  iniire  circa- 
far  Arc. 

COROLLART  2. 
From  hence  likevvife  it  follows,  that  the  a 
tripetal  Forces  of  Bodies,  defcribing  diffen 
Circles  by  an  equable  Moti<?n,  are  in  a  rano^ 
compounded  of  the  duplicate  nirio  of  the  Vdo-" 
cities  diredly,  and  of  the  fimple  ratio  of  the 
Radii  inverlcly.    For  the  Mctiion  in  ariy  Circle, 
being  equable,  the  ratio  of  the  Velocities  will, 
be  the  fame  witti  that  of  the  Arcs  defcribcd  in^ 
the  fame  time;  that  is,  of  the  Spaces  run  th  the 
fame  time :  But  (by  this  Propoilcion)  the  cerini-^ 
petal  Forces  are  in  a  ratio  compounded  uf'the 
duplicate  ratio  of  the  Arcs  dcfcribed  at  the  fame,' 
lime  directly,    and  of  the  fimple  ratio  of  the^ 
Radii  invcrfely  :  Wherefore  the  ratio  of  thefe 
Forces  is  compounded  of  the  duplicate  ratio  of' 
the  Velocities  dirc'lly,  and  of  the  fimple  ratio 
of  the  Radii  inverfely. 

Proposition  XXVL 

TUf  fame  things  bdvg  fuffofcd^  I  fay  that  fAf^ 
ctfitriftt ill  Forces  arc  rcclfrocalli  as  tii  '■ 

of  the  Periodic  Tiroes  of  piled  to  the  radii  of  the  i . , 

or  that  they  are  in  a  ratio  compounded  of  the  fimpU 
Tiitio  of  the  Radii  dirc^ljfy  and  of  the  duplicate  rath 
of  the  Vertodic  Times  in'vtrjcly*  The  fame  idfo  is 
of  the  centrifugal  Forces  of  thefe  Bodies, 

Let  the  centripetal  Force  of  one  of  the  BodiCf,- 
moving  in  one  of  the  Circles,  be  cali'd  / ',  in  tlie  J 
other -y  J  the  Celerity  in  one  Circle  C,  in  thi: 
other  ci  the  Arcs  at  the  fame  time  defcribed  in 
the  firft  Circle /^  in  the  fecond  «;  the  Radius^ 

or' 
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of  ri^e  Body  frr.m  the  cciucfj  in  chc 
i>^  in  cbc  /i  the  Periodic 


fi«  together,  the  Spaces  rii  i 

But  I 
tochcintireCi: 

,  lo  tharcxr>i4 


>f  the  prec.)  T!  vi:  —  :  ^'.  An! 

le  wich  that  of /'!>  lo  T'./;  or 

:»nfl  D  to  ^.    Therefore  the  ratio  of 
(;^1  to  the  vAixo  of  t-  to  7'*,  and  of 

)eca  faiJ  oT  ihc  Centripccnl  lo.ces 

revo]'''v' •■  '^ouc  a  Center,  b  true 

^xifugiil  ,    fince  they  difFc^ 

te  niannei'  oi  conception  ^    as  wa^ 

i forgoing  Propotiuon.    ^-  r  n 
ORO  LLA  Rr   1. 
€  (tnd  from  Corol  a,Prop.preccd.] 
at  if  the  Periodic  Times  are  equay^ 
the  centripetal  Forces,  as  the  Velo; 
'in  be  as  the  Radii  j  and  vkc  ^vtrfL 
E  2  For; 


1^ 
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For,  by  this  Propoficion,  — ^TTrT'  Where- 
fore if  T^ssf,  or  T''  ssr  *,  then  will  V\^:i  Di4. 
And  'vict  'verfay  if  K:  1/ : :  D  :  //,  flxice  Kit/:: 
Pr*  :  i/T*,  Chen  D:J::Dy  idT^;  andconfe- 
quently  7''=f',  or  7=  k  The  fecond  part  of 
rhe  Corollary  appears  from  hence.  In  the  com- 
pariibn  of  Motions,  the  Velocities  are  as  the 
Spaces  run  in  the  fame  Time.  But,  becaufe 
the  Periodic  Times  are  equal,  the  Spaces  run  in 
the  fame  time  arc  the  Circumferences  of  the 
Circles  ^  but  they  are  as  their  Radii.  Confe- 
qucntiy  the  Velocities  are  as  the  Radii.  The* 
converfe  of  this  Proportion  is  drawn  after  the 
fame  manner. 

COROLLA  RT  t. 

Hence  alfo  it  follows,  that  if  the  Squares  of 

the  Periodic  Times  are  as  the  Radii,  the  centri* 

petal  Forces  are  equal,  and  the  Velocities  arc 

in  the  fubdupticate  ratio  of  the  Radii  ^  and  vIcs 

'Virfr.    For  from  this  Prop.  — =-.    ^,    :    Bnt 

by  fuppoficion,  T^  if  ::  D  :d^  or  D  x  r  *  = 
J%T\  Therefore  y  and  v,  proportional  to 
them,  or  the  centripetal  Forces  thcmfclvcs,  arc 
cquaJ,  And  ^ics  'verfa^  if  Kssx^,  the  quantities 
proportional  to  them  will  likewife  be  equal, 
namely^  Dxf*=^xr' :  And  therefore  D  :J:.' 
T'  : f '.    In  like  manner,  becaufe  by  Cor.  2.  of 

the  preceding  Prop.  — =— ^ — --■    and  m  the 
v       c'  ^D' 

prefent  cafe,  r=T>,  then  C  %D  will  be  equal  to 

<"XD,  or  C^  :c\:  D:J;  that  is,  C  :  c  :  :  \/ D: 

%/  J,      The  converfe  of  this  is  drawa  after  the 

fame  manner  as  that  of  the  former. 

COROL- 


1 
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COROLLARY   i. 
bircles  dcfcribcd  are  equal,  the  centri- 
jiss  arc  reciprocally  as  the  Squares  of 

c  Times .  I'or  the  ratio  of  the  Radii. 

,  being  chac  of  equality^  makes  do 

Q  the  compofition. 

rxorosiTioN  XXVIL 

V€  in  jZcb  a  mtftntr^   ss  96  have  tkt 
We  Verlcdic  Times  Mi  iht  Cuhts  cf  the  Rm- 
[  dntripefal  Fcrcts  ste  reciffCCJ^T  »r/  tht 
t  RaJii :  And  sbe  CtltritUi  p/ 
y  rfj  thi  Square  Roptt  cfrkt  R^mn  ;  ,ind 

the  Charai^ers  nfed  In  the  former 

*cis  evident  from  it,  chat/^rv:: 

from  whence  it  foUowj,  cliac     p 

yi^Jzsvt^D.  And  therefore Dv- 

And  by  fiippofttionj  D^:J*:: 
cfore  DvidViiD'^iJ*.    ConTe- 
vd^   ss  iA'Di;   or  vi*  =  ^'D*. 
rcT:  vi:  d^ :  D». 

the  demonilracion  of  the  forego- 
on,  it  was  fliewn  that  C*  x  7**  x 
xO\    Uherefore  c*  x  D*  ;  C  ic 

fine  by  fuppofieion,  £)5 ;  4/5 ::  T^i 

ore  f '   X  D'   :  C*  x  W*  ::  D^  :  «/}; 

C* ::  D:  d  {qv  by  extra^ng  th 

and  inverting  theProportion)C:  c\ 

It  is,  C ;  f :  V</ :  v"  />-    Which  wer 

ftrated. 

V£rfc5  of  ihefe  are  evident.    For  2% 
CtingT^;  r*::D5:i/ J,  itfollowtthac 

D*9  and  that  C;«  ::  i^iD^;  fo 
£  I  con- 


5^ 


The  E  L  E  M  E  N  T  s       Book  h 


fcly, 


of 


of 


convcneiy,  rrom  the  fuppofirion 
thefc,  you  may  return  to  the  former  Proporti- 
on, ^iz,.  T':t'  ::  D^':d^^  and  from  hehCG 
again  to  the  other  Conciufion.  And  confc- 
qiientty  any  one  of  thefe  three  being  fuppol'ed, 
the  other  two  will  follow, 

SCHOLIUM. 
The  three  praeceding  Propoficions  (and  their 
Corollaries)  are  true,  not  only  of  Bodies  revol- 
ving in  concencric  Circles,  but  of  fuch  alfo  as 
defcribe  Circles  whofc  Centers  arc  intircly  dif- 
ferent, (for  the  identity  of  Centers  was  not  fup- 
pofed  in  the  Demonftration  j)  and  of  thofc  that 
oefcribe  fimilar  parts   of  any  Figures,  having 
their  Centers  fimilarly  pofited.     For  what  was 
alVLiined  in  the  Denionftration  of  thcfcTheo- 
i^ems  in  Circles,  are  equally  true  of  all   other 
"Figures  lik«  thoft  we  but  juft  now  dcfcribcd  ; 
/lamely,  that  the  nafcenc  JineolaGH  (in  Fie. 
zj,)  is   CO  tlie   nafcenc  lineola  EF,    as  Aim 
to  MF^i  (  for  this  is  demonftrated  of  any  Figure 
that  a  Circle  is  cquicurve  to,  in  Frof.  24.)  and 
rhat  AIHxs  to  T'D^as  VM  to  ST,  is  true  of  any 
fimilar  Figures ;  provided  the  Center  S  be  limi- 
larly  pofited  in  both  Hgures,  and  MH,  TDy  fi* 
Tnli:?r,  and  fimibrly  pofited  parts  of  thofe  Curves 
in  rcfpe^  of  the  Center.     And  infteud  of  an  e- 
quable  Motion  in  Circles,  if  the  Figure  be  difc 
terent  from  a  Circle,  the  Motion  of  the  iioif 
in  the  Perimeter  of  it,  muilbcfuch,   as  that  the 
Areas  defcribed,  by  rays  drawn  to  their  Centers 
Jimilarly  poiited,  be  proportional  to  the  Times; 
btherwife  (by  Pr^;!.  12,)  the  Forces,  whereby  rha 
Bodies  are  drawn  afide  from  their  ReAilineal 
W^''""?,  ^nd  kept  in  their  Curvllineal  Oibic9| 
-3  much  as  rend  to  thofe  Centers. 
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're44,   V'bcrclfj   the  Vrima^j  FLinttt  ^t 

TttralUdfrem  their  Rtciuincdl  Mc* 

in  ttmr  Orilts^  are  redfr^^^j  as 

th  D'sjtances  frtm  xht  CenUr  cf  tbi 

forces  rcfpcil  tlic  Center  of  the 
n  ftewn  in  ;v<y.  i;.     Bnt  that  tho 

:  Forcci  is  fjcl*.  35  ih'xz  cVicy  arc'rc- 
5  tl  CCS  froqi 

j:;:aiu  a>  uic  Squares 
,  nnd  decrcafe  u$  rhc 
the  dittnnce  incrcafcs :  As  for  1n- 
the Force whcrcbyc he  r'  '  H* 
ruds  the  Sun^  ana  is  rc.  .- 

I  Orbit,  fo  as  not  to  fly  oif  in  a  Tan- 

is  ro  the  like  Force  in  M -  -o 

n  Jupiter  ;is  27  to  i ;  b^  . 
le  Earth  from  the  Sun,  is  to  the  di- 
Mars  from  the  Uxtity  as  z  tr  -  '^--l 
hce  of  Jupiter,  as  y  ro  z6 ; 
ecal  Force  in  the  Earth  is  but  luli 
ns,  becaufe  the  Earth's  diilancc 
is  to  rhediiliince  of  Venus  as  10  to 
n  in  the  others,  is  thusdemonftn- 
otion  of  the  Pli^ncts  revolving  a- 
and  tending  cowards  it  as  a  Cen- 


as  that  the 


of  the  Pe- 


ts arc  as  ih^  Cu :  ihe  diftances 

by  ?Yop,  22.    Now  by  the  pre- 
the  Centripetal  Forces  of    Bodies 
iccording  to  this  Law,  are  recipro- 
Squares  of  their  diftances  from  the 
infcquently  'tis  evident  that  tbfe  Por- 
ing theSurij  by  wj^ich  the  Planets  are 
pt,  and  retained  in  tl^eir  Orbits,  arc  rc- 
E  4  Cipro- 


J 
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ciprocally  as  the  Squares  of  their  diftaaces  from 
the  Center  of  the  Sun. 

a 

Proposition  XXIX, 

THE  Forces  whenby  the  SeconJarj  Tlanets 
retained  rn  their  Qrkits^  are  reciprocally  as  the 
Squares  of  their  Diftimces  frnm  the  Center  of  thcif 
refpeEti*ve  Primary ^  to  whtco  thefe  Forces  tend. 

For  fince  (by  Pro^.  21.)  the*Motion  of  the 
Circum-Jovials  revolving  about  Jupiter,  and 
Circum-Saturnials  revolving  about  Saturn,  is 
fuch,  as  to  have  the  Squares  of  the  Periodic 
Times  in  the  fame  ratio  M/ith  the  Cubes  of  their 
pittances  from  the  Center  of  Jupiter  and  Sa- 
turn refpe(5lively  ;  and  fince  (by  Pr^f.  2^.)  the 
Centripetal  Forces  of  Bodies  revolving  by  this 
Law  are  reciprocally  as  the  Squares  of  their  Di- 
j^ccs  from  their  Center.-  'Tis  evident  that  the 
Centripetal  Forces^  whereby  the  Secondary  Pla- 
cets arc  rcfpedivcly  urged  towards  Jupiter  and 
Saturn,  are  reciprocally  as  the  Squares  of  their 
Diftances  from  the  Centex  of  their  refpe<5livc 
Primary  Planet. 

But  this  Force  in  any  Secondary  Planet  is  on^* 
\y  one  part  of  the  whole  Force,  whereby  the 
batelles  is  urged  ;  and  the  other  Force  is  the 
whole  accelerating  Force  whereby  the  Primary 
is  urged  ;  as  has  been  fhewn  in  frop.  20. 

As  for  the  Moon,  the  Earth  s  attendant,  be- 
caufe  it  is  folit^ry,  ic  has  no  other  Secondary 
to  be  compared  wichal^  as  to  Diftance  and  Pe- 
riodic Times.  So  that  the  Law  of  its  Centri- 
petal Force,  whereby  it  is  urged  cowards  'the 
Earth,  can  t  be  deduced  afcer  this  manner.  Yet 
hereafter  you  will  find  it  drawn  from  the  Figure 
of  the  Orbit  that  the  Moon  defcribes  about  thp 
C^rth :  wh^  hitherto  W9  have  coniidered  ;;$ 
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Ig  fenftbly  from  a  Circle.  Bot  if  it 
a  Circle  concentric  co  the  Earth, 
the  Forces  whereby  it  1    --'    -cd  in 

;ouW  not  be  from  hcnc:.  red ; 

Orbit  may  be  dcfcribcd  by  a  Body, 
of  the  Cemripecal  Force  be  what  ii 

CORO  LLARV. 

from  thcfe  two  Propofitions,  that 
Primary  Planett,  that  ncarcR  the 

ong  the  Secondary,  that  next  the 
rimary,  moves  faftc^.  For  it  has 
fbatcd,  that  in  both  of  them,  their 
Forces  are  reciprocally  as  thcSquarcs 
fiances  frona  their  Center:  And  ia 
iwas  demondrated  that  the  Celerities 
Hre  reciprocally  as  the  Square  Roofs 
iftanccs  trom  the  Center  of  Motion ^ 

ean  proportional  between  the  Di- 
aowhich  was  nearer,  and  that  which 
mote,  is  to  the  diftancc  of  ihc  near- 
elocity  of  the  nearer,  to  the  Veto- 
more  remote.  And  fince  the  firft  of 
titles  is  greater  than  the  fecond,  the 
e  greater  than  the  fourth ;  that  is, 
y  of  the  nearer  is  greater  than 

the  more  remote. 
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SlCTlbN  V, 

Of  the  Morion  of  the  Primary  Planets  about 
their  proper  Axes,  and  of  the  Phaeaoraena 
thence  arifing- 


Proposition  XXX.  * 

TO  explain   the  Motion  of  the  Cnkftlal  Bodies 
about  their  proper  Axesj  givtn  in  Pcjition,  and 
^Ae  Revolutions  cftbtm, 

t  When  we  fay  a  Body  is  not  moved,  we  mean 
♦y  ir,  that  every  line,  and  every  point  in  ic,  is 
'^c  reft.  But  if  we  fay  a  Body  is  moved  along 
^  Itne^  without  any  other  Motion,  we  intend  to 
lignify,  thdt  the  Center  of  Gravity  of  the  Body 
d»fcribes  that  line,  while  the  parts  of  the  Body, 
in  rcfped  of  the  whole,  remain  at  rcftj  that  19, 
every  linein  that  Body  retains  a  fttuation  parallel 
tt  that  it  had  before  it  was  moved  ;  and  confe- 
'<quemly  every  line  in  the  Body  thus  moved,  re- 
mains always  parallel  to  it  felf  For  after  this  ma»- 
jfcr,  and  this  manner  only,  will  ic  happen,  that 
the  Snm  of  all  the  Motions  will  be  the  leaft,  (that 
is,  the  motion  of  the  whole  the  leaft,  as  is  fuppo-, 
fed)  and  that  any  point  of  the  Body  thus  moved, 
is  as  much  moved  as  any  other,  and  defcribes  a 
line  fimilar  and  equal,  and  only  differing  in 
fituation  :  For  the  line  defcrib'd  by  the  Center 
of  Gravity,  is  fuppos^d  to  be  defcribed  by  the 
Body  it  felf,  from  the  known  nature  of  a  Center 
of  Gravity. 

If  a  Body  be  faid  to  be  moved  about  a  given 
Axe,  being  in  ocher  refpeds  not  moved,  that 
M^  is  fuppos'd  to  be  unmoved,  and  every  point 

out 
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dcfcribe  a  Circle^  to  whofc  P!^6 

perpendicular.    And  for  that  rtJi^Grt^ 

)z  dlfrtcd  along  a  '*  the 

'C  revolved  abour  -a  the 

c  of  ihc  will 

innicico  ir  r  '■'  itn^clli 

prcfcrvc  ti  '^in  rh7t 

ion  bcfidcs  th  1 

for  if  there  :  i 

its  A\c  win  cor.  - 

Right-line,  to  which  ir  wn  once 


^ 1  above,    do 

ItTfic'ir  Axc5.     And,  hrf^,  from  ob- 

of  ^^^^'     '•'  '^ "    ^■">,    'ris  evident 

kind,  in  our 
11  Weil  to  I  ! 

ccof 

»ay$.    /  pro- 

l0»,   ;       ...^  -^ -    »...-.ovcd, 

rrintary  Vlancts,  the  Earth  revolves 

to  Eaft, 

-J ij  of   the 

an  Angle  of  6Sk  Degrees,  in  the 
Inatural  Day.      An '  '        '     F.anh 

•ied  about  the  Sun  i .^    .-  of  a 

s  Axe  muft  however  continue  parallel  to 
iio*  it  can't  be  intirely  at  reft.  And  this 
le  to  pafs  by  means  of  thefe  two  Moci- 
le,  without  the  .iffiftance  of  a  third, 
)me  have  groundtcfly  invented  wA  call'd 
name  of  a  Taratidifm.  lUu  the  Axis  of 
ii^  tho'  it  continue  parallel  to  it  felf,  a« 
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to  knk,  during  one  Revolution,  yet  after  fcve- 
ral.  It  changes  this  Site.  Of  the  Caufcs  and 
Phenomena  whereof,  we  fliall  (peak  in  a  proper 
place. 

After  the  fame  manner  Jupiter  is  revo!ved, 
from  Weft  CO  Eaft,  about  an  Axe  in  the  fpace  of 
about  10  Hours;  Mars  in  247  Hours,  and  Ve- 
nus in  2;  Hours,  about  their  Axes;  every  one 
of  which  therefore  continues  always  parallel  to 
itfelf,  if  thcfe  Bodies  are  not  moved  by  any- 
other  kind  of  Motion  befidc  their  Revoluti- 
on about  the  Sun,  and  Circumrotacion  about 
their  own  Axes. 

Among  the  Secondary  Planets,  the  Moon^' 
the  Earth's  attendant,  befides  its  monthly  Mo* 
don  about  theEanh,  and  annual  about  the  Sun^ 
(by  which  alone  each  line  in  it  would  be  always 
parallel  to  its  felf,)  it  likewife  revolves  about 
itfelf  in  the  fame  fpace  of  a  Month,  (bas  to 
turn  always  the  fame  Face  to  the  Earth. 

We  are  not  fo  certain  yet  of  the  other  Planets, 
both  Primary  and  Secondary,  from  Obfer- 
vacions.  Notwithftanding,  'tis  probable  that 
they,  like  the  former,  revolve  about  a  certain 
Axe  ;  for  this  reafon,  that  every  part  of  them 
may  be  brought  under,  or  removed  from,  the 
Rays  of  the  Sun,  more  th:m  once  in  one  Revo- 
lution about  the  Sun,  and  may  undergo  Changes 
and  Vicil&tudes  fuicable  to  their  Nature. 

Proposition  XXXF. 

TO  defcribc  the  Figure  of  the  Sun  and  PLmeU, 
tevol'ving  about  thtir  ovn  Axes. 
If  the  Sun  and  Planets  were  deprived  of  all 
Motion  about  their  Axes,  they  would  put  on  a 
Spherical  Figure;  fuppofmg  their  parts  like  the 
p4mcf  the  {Larch,  to  gravitate  tow^r<3i>  their  Ceq* 
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ealiy  chey  are,  as  we  (hall  afterwards 
)  and  either  are  now  or  were  for« 
This  Is  demonftratcd  hy yirthimfJrs 
ic$.  From  aMocioniibout  their  Axes, 
aG,  that  cheir  Parts  receding  front 
much  a$  rhcy  can,  endeavour  to 
(be  Circle  that  lies  betwixt  the 
a  Centrifugal  Force  arifing  from 
Modon.     And  therefore  if  ih< 
e  Sun  or  PUnec  be  flaid,  ic  will  in< 
iameters  of  that  middle  Ci 
o  Poles,  by  irsafcent;  an    ......j 

iwards  the  Poles  by  trs  defcenr,  am 
|y  conilitute  an  oblate  Spheroid,  go»] 
Mthe  rotation  of  an  Ellipfc  about  ii 
being  deprcffed  cowards  the  Polesi 
cowards  the  Circle  chat  lies  ex- 
n  the  Poles,  more  or  Icfs  accordinjjl 
ity  of  the  Centrifugal  Force.    ThisJ 
Figure  is  obfervcd  in  Jupiter  b; 
Telefcope  ;  and  is  proved  to  be  ihil 
Experiments^  (fince  we  can  take  S) 
ac  a  dilbnce.) 
jj      SCHOLIUM. 
uieroidical  Figure  follows  upon  the 
the  Body  about  its  own  Axis,  tin 
Parts  ^  fo,  on  the  contrary,  froi 
Figure,  we  may  Juftly  infer  its  Mi 
s  Axis,  and  the  (former)  fluidity 
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pfA  the  Vhoinomma  Atljing  from  tit  Di 

t^A^tim  of  the  Earth  ukoMt  its  Axlt^  ftt\ 

fth. 

bregoing  Propofhtions  I  have  Ihcwn, 

i  be  the  Phenomena  of  the  Mptioa 
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if  the  Sun  and  Planets  fcea  from  the  Earth,  it 
the  Earth  were  a  Point;  as  that  the  Sun  would 
feem  to  move  among  the  Flxt  Stars  from  Weft 
to  Eaft ;  that  the  Planets  would  fomeiimes  ftim 
to  go  forwards,  at  another  time  backward,  aC4 
cording  to  the  fKuation  of  the  Sun  and  each 
Planer.  But  fince  the  Earth  is  an  opake  Bodi))-, 
and  large  enough,  in  refpeA  of  tfec  Ol  ■' 
that  fmall  part  of  its  Surface,  thu'  Sp!  ■  ^ 
ivhich  comes  at  the  fame  tmc  under  his 
confin'd  view,  will  feem  to  be  extended  like  a 
Plane,  And  the  Eye  taking  a  view  of  the  Hcsr- 
vens  ali around  itfelf,  definesa  concave  fphcrica)], 
Superficies,  concentric  to  the  Earth,  or  rather 
to  the  Eye  ,  which  the  abovcinention'd  Plancf 
of  the  Earrh'4  Superficies,  bcCaufe  drawn  thro'^ 
the  Center,  will  divide  into  two  equal  Parts,* 
one  of  which  will  be  vifible,  buc  the  other,  by 
reafon  of  the  Earth'?  Opacity,  will  lie  coDccaJ'dv 
Becaufe  the  Earth  moves  upon  iis  own  Axij, 
the  Spectator  ftandinp;  upon  k,  together  with 
the  faid  Plane  he  ftands  upon,  caU'd  his  FJmz/tn, 
dividing  the  vifible  from  the  invifibleHemifphere 
of  tlie  Heavens,  is  carried  found  the  fame  way,^ 
wt,.  CO  the  Eaft.  From  whence  it  is,  that  Ob- 
jefe  fifuated  towards  the  Eaft,  and  invifible, 
become  vifibVe,  the  Horizon  finking  as  it  were 
below  them  ;  and'  Objeds  fituated  toward?  the 
Weft,  are  hid  and  become  invifible,  the  Hori- 
zon being  elevated  above  them.  And  the  for-** 
mer  Obje(5ls  therefore  will  appear  to  the  Spc- 
^ator,  who  ufuaily  reckons  the  Place  he  ftands 
in,  CO  be  immoveable,  to;  afcend  above  theHo-^ 
rizon  or  rife,  the  latter  to  defcend  below  cnej 
Horizon  or  fei. 

Since  the  Earth  and  the  Horizon  of  the  Spe- ' 
^cor  fix'd  to  k,  continues  to  move  always  co- 
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mc  Quarter  and  about  the  (knie 
all  Bodies,  and  all  Appc;. 
take  of  that  Modon  (thai  ..,  .>.. 
s  are  entirely  feparace  from  tlic 
em  to  move  in  the  like  t\v 
towards  the  oppoiicc  part>,    ,   ,. 
tt'ell,  excepting  fuch  things  as  tlic 
"produced  will  mcec  wichaL  they 
|t  reft.    And  every  oneotchcic. 
rding  to  Senfe,  wUI  defcribc  the. 
:e  or  a  Cirdc,  to  whofc  i'lanedic 
larth  i&  perpendicular  ac  the  Cen- 
u:aure  all  thefe  Circles^  together* 
)\cOby  '     '  ■*  •'*        ' 
,theco: 
itts,  CO: 


L 


om  the  Points  above  dctccibed^ 
eft. .  Jn  fljort,  rheCelcftijI .-  '  - 
be  moved  from  Eaft  to  U 

a  Day^  about  th^  lame  Axcia^i 
ut  which  the  Earth  r:.-"'    —  vcs 
om  Weft  to  Eaft:  Andt  ms, 

oles  of  this  Motion^  in  which  the. 
arch  produced  in -'^'^  'v'-"!^  w.-;'^-" 
PC  will  be  the  mi 

d  confequently  the  ^iciiteil^  (caU'd-^ 
ii4  and  E<juaior^  for  rcafons  to  be 

the  next  Proportion,)  where  the 
ic  Circle  of  the  Earth,  which  lies', 
^een  the  Poles,   being  producedj 
obcave  Sphere.    And  univerfally 
•n  the  Surface  of  the  Earrh,  niaik 

of  it,  in  the  diurnal  Motion  of  rh -^ 
correfpondent  Circle  in  tli 

made  by  ^e  iiuerfa^ion  or  u^e 

Surf 


'    '      -  -^ 
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Surface  of  the  Celeftial  Sphere  with  the  Super- 
ficies of  a  Cone,  whofeBafe  is  a  Circle  marked 
on  the  Earth,  and  Vertex  the  Center  of  die. 
Eanh;  The  Axis  of  the  World,  and  rhe  above-, 
mention 'd  Celeftial  Circles,  have  always  the' 
fame  firuation  among  the  FiVd  Scars*^  becaufe 
their  primitive  Terreftrial  ones,  from  whence 
they  have  their  original,  produced  fo  far,  fall 
npon  the  fame  Stars,  as  to  Senfe,  in  what  Point 
foever  of  its  Orbit  the  Earth  be  placed. 

Proposition  XXXlIf. 

T^  O  explain  the  Th^nomtna  of  tbs  Sun  [ten  fro} 
■^    the  Earthy  ''^{A"^   ^'"w  '*^  Dmrnal  Aioiion  oj 
the  Earrb  about  its  j^xis.  In  conjtwUhn  72^'itb  its  ^-^u-, 
Tjual  Motion  about  the  Sun  ;    that  h,   to  explain  thoi 
ibavggf  of  Day  and  Nigltt^  and  their  'unriety  in  dif-p 
ferent  VtaceSy  and  different  Seafoiit  of  tht  Tear, 

Tho'   each  place    of    the  Earth  be  inligh-^ 
ten'd  by  every  Star  that  is  above  its  Horizon, 
yet  the  illnmination  of  the  Sun  being  fo  very  ,^ 
great  above  all  others,  its  being  above  the  Hori- 
zon alone  is  called  Day ;  and  its  abode  below  the 
Horizon  is  called  Night :  And  becaufe  the  Sun 
is  intirely  feparace  and  remote  from  the  Earth, 
and  fo  does  not  partake  of  ics  Diurnal  Motion, 
ac  will  Rife  and  caufe'Day,  in  refpeft  of  a  given; 
place;  and  being  carried  thro'  the  midft  of  the. 
Heavens,  defcribing a  Circle  to  appearance,  ha^ 
ving  the  Axis  of  the  World  perpendicular  co  ii 
Plane,  will  at  l:^ft  Set  again  ;  making  th   Nij  "" 
to  continue,  till  by  the  apparent  univcrl.ii  Rei 
lution  of  all  the  Celeftial  Bodies,  it  come  up 
gain  above  the  Horizon  of  the  dud  Place. 
To  explain  the  variety  of  the  Days  and  N' 
and  the  Seafons  of  rhe  Year  thenc 
ginc  the  Circle  X  9p:€izyf  [Ftg,  z8.j  io 
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ifbrib'd  by  the  F—*^    --  t  Year. 
plac'd  in  the  i  Tf?© 

1$  Schcinc  h  dc 

appear  in  chc  r 
le  commodious  < 
tions    ' 

rbk,  1-  ,..-  4.,...; 
carried  after  the 
from  V,  y,  to  IT,  6"..  r. 
ic  about  its  own  \\\\  n 
arter^  or  from 
Itics  of  the  Axii  c 

chc  Southern   i 

^  the  Equator,  u- 

Plane  of  the  Ec' 
Decrees;    t?/^.   tL 
;s  to  A  right  Angle,  by  which  the 
^^nh  (perpen'itcuUr  (u  th«  Plant 
Br)  is  inclin'd  to  it. 
■^rcprcfcnts  the 
^  reprcfent  thj 
the  prcced.  I'rop.; 
S|[  '  ^%  ic 

y^"  diflftnce. 
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and  confequenrly  declines  neither  to  the  North 
Pole,  nor  the  South,  but  feems  to  defcribe^  in 
its  diurnal  Mocion,  the  Equinoftial  it  fclf. 

The  Sun  always  feems  to  be  in  the  Plane  of 
the  Ecliptic^  (  as  was  fhewn  in  Trop.  2.)  ic  will 
therefore  appear  to  be  in  the  common  intcrfe- 
dion  of  the  Circles  of  the  Ecliptic  and  Equa- 
tor defcribcd  in  the  Celeftial  Sphere ;   namely, 
in  Y.    Now  in  this  Situation^  the  illuminacioa 
of  the  Earth,  made  by  the  Sun,  reaches  both  the 
Poles  J  andB  ■  (becaufe  the  Boundary  or  Circle 
of  illumination  is  :i  great  Circle  on  the  Earth, 
to  whofe  Plane,  the  Right  line  joining  cheCcn^ 
tcrs  of  the  Sun  and-  Earth,  is  perpendicular^ 
confequently  half  the  Terreftrial  Equator  £  jgl 
or  any  other  Circle  parallel  co  it,  is  illuminated 
by  the  Sun,  while  the  other  half  continues  in 
darknefs.     And  therefore  every  Plane  of  the 
Earth  being  carried  round  by  the  equable  diur- 
nal Motion,  will  be  as  long  in  darkncfs  as  it  was 
in  the  light,  that  is,  the  Day,  all  over  the  Earch,j 
will  then  be  equal  to  the  Night.    From  whenco^ 
the  Circle  that  the  Sun  then  defcribes  by  its  Di-^ 
urnal  Motion,  lying  between  the  two  Poles  in. 
a  Celedial  Sphere,   is  called  che  %/£jmne3ul 
arch. 

The  Earth  moving  a  little  forwarder  towards 
»n  and  /  in  its  Annual  M'otion,  has  the  Piano, 
of  its  Equator  £^  no  longer  diredcd  towardst 
the  Sun  5  but  fubfiding  below  ic  towards  the. 
South :  From  whence  the  Sun  feems  by  little  and 
little  to  decline  from  the  Celeftial  Equator,  co-^ 
wards  the  North  Pole.  For  the  Earth  being^ 
at  reft  to  all  appearance,  its  Equator  mufl  like- 
wife  be  apparently  at  reft.  Confequently  tb 
Celeftial  Equator  corrcfponding  to  it,  is  move 
only  by  the  apparent  Diurnal  one  :  And  there 

fore 
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ty  which  changts  in  Situation  co  ir^ 
iho^e..  And  t:  of  cbe  Scm^ 

X  reached  to  bom  i^oict,  A  aod  B^ 
recs  be  Tprcad  bcyand  J),  and  £tU 
.  But  when  the  Earth  arrives  at  xr 
;  hereupon  appean  in  "  ■"*^'rcit 
»  have  its  grcjtcfl  dcclin  rth* 

tl  t&Khdioclinatioaot  the  £cl2pcic 
;or,)  and  will  aitcrwan^  "*  n  to* 
dtpdc.    The  Circle  in  i  awaX 

lei  ro  che  Cquacor,  andcxpn.Ud  by 
Ich  the  Sun  in  ics  Nortb  dcc'.inauoa 
|»e  urriv'd,  and  ddcribc  by  its  Diur* 
k:at  that  time,  is  ciilt'd  the  Trofir  tff* 
lowing  its  name  trcrn  '^^  '^'*"^  of  rfii 
I'Sun  i&  then  in;  w  imc 

ie  icnc  Circle  i  ath 

II. ._  ^...,..  being  in  i!iu  _:-— non, 
iltut  the  rays  of  the  Son,  inligbtcoing 
i^ilt  rcich  bcyon  '        ^'-nth  Pole  K, 

Bop  (hort  on  tbi;  r South  Pole 

k  as  that  the  Ate  J3  £.  or  yf  F.  U  equal 
igtT'y  themeafurc  of  rhc  ^  ■    ''  "^ 

orof  thelncUnauan  oi  i^hic 

ftor.  If  Circles  be  imagined  to  be 
L  and  F,  parallel  to  the  Equator^ 
ily  KL,  FG,)  they  will  be  the  F^'.if' 
one  the  ArcHc,  and  the  other  th< 
Thefe  things  being  fupps'd,  'li 
il  that  Trad  of  the  Earth,  wliich  isj 
itheArdic  Polar  Circle  KL,  notwitf 
EcDiurnal  revolution,  is  all  the  whiU 
;d,  and  injoys  therefore  a  contina: 
i  on  the  contrary,  chat  all  within  il 
f  the  Amacaic  Circle  FG,  have  coi 

E^nefs  covering  it.     '31*  foi 
'rop.  19.  Bookz.  of  the  Sfh^  ics 
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theoJofiw^  chat  the  greater  pare  of  any  Cir- 
cle, paralleJ  to  the  Equator  E^>  lying  between 
it  and  the  Ardic  Circle  K  L,  is  inlightcncdj  the 
greater  pare  of  any  one  lying  between  the  E- 
quator  and  the  Antarctic  Ciicle  f'G,  is  in  t];irk- 
nefs  •  and  chat  fo  much  the  more  (by  Propria,  of 
chat  Book)  as  the  Circle  is  farther  diftanc  from 
the  Equator;  and  (by  Prop,  ii  Book  i.  J  one  half 
of  the  Equator  is  always  in  darknefs,  and  the 
other  half  always  inlighcencd.  And  therefore 
in  that  Situation  of  the  Earth,  wherein  the  Sua 
appears  in  © ,  to  the  Inhabitants  of  the  Northern 
parts  of  the  Earth,  the  Days  are  longeft,  and 
Nights  fhortcft;  confequently  it  is  Summer: 
But  to  the  Inhabitants  of  the  Southern  part,  the 
Days  are  fliorteft,  and  Nights  longeft,  confe- 
quently 'tis  Winter.  And  thcfe  longeft  Days 
are  fo  much  the  longer,  and  Oiorceit  Nights  lb 
much  t!ie  ftorterj  according  as  the  Place  is  more 
Diftance  from  the  Equator ;  But  to  fuch  as  inba~ 
bit  the  Equator,  the  Days  and  Nights  are  flill 
equal;  and  confequently  are  fo  all  the  Yearlong. 

The  Earth  going  forward  thro'  ssr,  H,  to  T  • 
during  which  time,  the  Sun  fecms  to  move  thro' 
the  Signs  s ,  ^ ,  and  ^rt ,  the  Sun  returns  towards 
the  Equator  ;  till  at  laft  at  =Cb,  the  Sun  appears 
in  the  Equator  of  the  Heavens^  ( becauie  at 
that  rime,  the  Plane  of  the  Earths  Equator 
produced  doesagain  pafs  thro'  the  Sun,)  making 
the  Days  equal  to  the  Nights  all  over  the  Earth* 
And  now  again  the  extremities  of  illumination 
reach  to  both  Poles ;  fo  that  the  Day  under  the 
PoleB,  which  has  been  all  the  while  inlightencd, 
is  equal  to  the  fpace  of  half  a  Year,  (the  time 
the  Earth  has  fpent  fmcc  its  departure  from  i^;) 
and  the  Night  under  the  Southern  Pole  ^,  as 
long. 

The 
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\k  moving  forwards  thro*  che  Si^iu 
|bc  Sun  will  fecm  ia  the  mean  whdc, 
^,  mand/,  and  co  decline  gradual^ 

Equator  towards  the  South :  cil] 

trth  being  really  in  s^  ana  che 
to  be  atvy.  all  th" '  -  •  Appear- 

ippon  to  (he   In!.  ot   thd 

fphere,  as  have  happen'd  ro  rhe 

\l  the  Northern  Hcmifphcrc,  when 

ac*^;  and  what  happen'd  (o  the 
>f  the  Southern  Hemifphcrc  before, 
ippen  Fo  chem  of  the  Norrheriu 
le  Earth  is  carried  rhro's ;  A,  and 
will  feem  to  move  tloro'  "•t,  =r. ,  and 
tator,  andY,'complcaring  the  Yean 

will  cavfe  the  fame  Phxnomena 
[ighc,  the  former  decreafing,  thclat- 
;,  to  the  Inhabitants  of  the  Soutbcra 

as  ic  did  to  the  Inhabitants  of  the 
mifphcrc,  while  ic  went  t!iro'  the 

Signs. 


Section   VI. 

its  of  the  Planets  and  Comets,, 
Figure^  together  with  the  Law 
ipetal  Forces,  rcquiGte  to  nuke 
ve  in  fuch  Orbits, 


koPOSITION  XXXIV, 

usTj  Planet  dtfcr'ihei  the  Perfmefer  cfan 
having  the  Snn  in  one  of  its  Focus  x, 
ithcrto  becq  treating  of  what  was 

^s  fufficient  to  confider  the  way  of 
F  3  each 


^ 
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each  Planet,  vis  if  it  were  the  Circufinferencc  of 

a  Circle,  having  the  Sun  for  a  Center,  fmce  ?c 

decs  not  diiFcr  Very  much  from  a  Ctrcle.     He 

that  confiders  the  Phacnomcna  of  -the  Planets 

mov'd  about  the  Swn  more  clofely,   will  find^ 

that  they  are  not  every  where  eqaailly  diftant 

from  the  Suft  r  For  inftartce,  the  Earth  is  more 

diflant  from  the  Snn  in  Summer  than  in  WVh- 

ter;  as  is  evident  from  the  apparent  Diametef 

of  the  Sun,  which  is  greateft  about  the  middle  of 

Jtffje,  and  leaft  abom  the  middle  of  December. 

'Tis  further  evident  from  the  fwifter  Motion  of 

the  Earth  about  the  Sun,  in  the  midft  of  Winteir^ 

than  in  the  midft  of  Summer,  near  a  fifteenth 

Parr.    And  for  this  reafon  it  is,  that  there  arc 

about  eight  Driys  more  from  the  Vernal  Eqiit- 

noxto  the  Autumnal,  the  Summer  Seafon,  than 

from  the  Autumnal  Equinox  to  the  Vernal,  fh6 

Winter   Seafon  ;  tho' in  both  cafes  the  Earth 

or  Sun  feems  to  have  moved  but  a  Semicircle. 

Since  therefore  the  Earth  moves  fwifter  about 

the  Sun  in  Winter  than  in  Summer,   it  muft 

then  be  nearer  to  the  Sun,  by  Vrop,  12.  to  make 

the  Area,  defcribed  by  a  Right-line  drawn  from 

the  Sun,    augment  equably  as  the  Time,    the 

greateft  liength  of  the  Bale  compafifating  for 

The  lefler  Altitude  of  the  TriUneal  Figure.   The 

fame  holds  likcwife  in  the  Motion  of  the  other 

Primary  Planets  about  the  Sun  :  Nay  the  Orbit 

of  any  of  them  (except  Venus)  is  more  different 

from  a  Circle,  Iiaving  the  Sun  for  its  Center, 

than  the  Orbit  of  the  Earth,  as  ftiall  be  fhewn 

hereafter. 

This  deviation  of  the  Planets  in  their  Motiocs 

about  the  Sun,  from  the  Circumference  of  a 

Circle  concentric  with  the  Sun,  is  fo  great  and 

^fjpfible,  that  all  Mropoipers  have  been  oblig'd  rp 
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mtricOris:  And  bccanfc  they  thought 

ilputc^t"  '  '^    'Motionranft 

prcub  .      :,..;„....  each  I'Uiwt 

I  in  a  Circle,  as^/PR  [Fg.  19.3  ba* 

tccCy  ar  fuch  a  diftanc?  from  theStm 

;ree  with  icsMoboni.  Theremoeeft 

cbisExcencricOrb  from  tbeStuij 

le  Afhtlmm ;  P,  the  FerUkiwrn ;  both 

:he  Right*lme  A  P,  conneding  the 

in  which  they  phced  che  Sun,  cbo 

ffila  ;  ihe  part  of  it  C5,  the  £jc* 

ifld  by  the  help  of  iuch  2  Thtxiry  of 

this  dippofc,  the  Places  of  tho 

by  Calculacon*  agreed  cxadly  c^ 

tbcir  true  ont^  in  thcHcax^cfis; 

them  whofc  Orbits  were  very  Hrtid 

►m  Circles ;  for  initance^  the  Eanh. 

ley  came  to  Mars,  its  riace^  by  com* 

\m  this  Theor\',  was  fo  different  from 

obfervation,  chat  chey  concluded 

IS  not  Circular^  but  fonicthing  de- 

le  Points  /  and  /?,  which  arc  rc- 

che  Apfides,    and  therefore,  as  it 

Dval.    ThisOval  tbe  fugacious  krpUr, 

tmtfstarifs  uptm  -V/-:>';,)  after  indefatipa- 

nCalcuhuions,  found  to  be  a  perfe<i 

aving  che  Point*  A  and  P  for  xt%  Vcrii- 

1  were  the  Aplidcs  in  the  Circular  Or- 

ftill  retain  the  lame  Nnmes,  and  thi 

the  Sun  for  one  of  its  Foci:  Decntife 

Tc  alone  exhibits,  the  Diftances  frotiij 

(or  Right-lines  S E)  agreeable  to  ol>-^ 

,  as  it  does  the  true  tquacion  for  dc< 

5  the  Angle  A  S  E^  from  the  mcaj 

of  the  Sun  given:  That  is,  only  thoj 

lencioned  Eltipfe  is  of  that  nature^  as 

che  Periodic  Time,  or  intire  Revolti 

F  4  uoii. 
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rion,  in  the  fame  ratio  to  the  Time  fince  its 
departure  from  the  Aphelium  in  W,  as  the  in- 
tire  Area  AEFLJy  is  to  the  Area'  ji  S  E  ^^, 
intercepted  between  die  line  of  the  Apfides  S^, 
and  the  line  S  E  (kwwn  by  obfervation.)  drawn 
from  the  Sun  to  tm  Planet:  Bat  thac  this  is  i 
circumftance  in  the  Motion  of  every  Planet  a- 
bout  the  Sun,  is  evident  from  Prop,  i ;.  Befides, 
the  Place  of  the  Earth  in  an  Elliptic  Orbit  is 
fuch,  as  thit  the  Places  of  the  other  Planets  a- 
bout  the  Earth,  found  in  their  refpedive  Orbiu 
by  Calculation,  and  feen  from  thcEarth,  agree 
very  exadly  with  their  Places  found  by  Obfer- 
vation in  the  Heavens;  which  happens  fo  ex- 
aftly  in  no  other  Orbit  whatever.  Since  there* 
fore  the  Places  of  the  Planets,  found  by  a  CaU 
calus  accomodated  to  Elliptic  Orbs,  agree  (b 
eacadly  with  their  Places  by  Obfervation ;  but 
do  not  at  all  agree  with  a  Calculus  founded  up- 
on Orbs  of  any  other  Figure,  hut  upon  the  ac- 
count of  their  being  fomething  near,  or  ap- 
proaching to  nn  Elliptic  form  ;  'tis  evident  that 
the  Orbits  defcribed  by  the  Planets  are  Elliptic. 
The  Elliptic  Orbits  of  the  Primary  Planets 
defcribed  about  the  Sun  in  the  common  Focus, 
are  almoft  immovable  ^  thac  is,  when  the  Pla- 
cets are  carried  to  the  Apfides  of  their  Orbits, 
or  any  other  given  Points,  they  return  to  the 
"fzmi  Points  of  the  Mundane  Space  nearly : 
forfuch  kind  of  Orbits  only,  folve  the  obfer- 
.Tcd  Pfaarnomena  of  the  Places  of  the  Planets 
-fmong  the  Fixt  Stars,  teeii  from  the  Earth* 

Proposition  XXXV. 

ACemct  mtn/es  it$  a  Conu  SeShn,  that  has  tie 
Stnj  In  fine  of  ht  FocL  '    '     .    '' 

'  For  fuch  Orbizs,  and  fuch  only,  agree  with 
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the  Comtis  obferved  in  (he  Hca- 
true  that  KifLr,  an  -l  FhUo* 

trhiro,  fuppofed  the  ,  .-...^onci  of 
"te  Righc  lines;  and  have  CdlcuUre4 
upon  cfaac  Hypothefu,   agreeing 
ly  wrch  their  Places  by  ObfervacioQ^ 
;hc  have  been  done,  cho'  the  Comef  j 
in  a  Conic  Sc<^on,  if  the  Obfer* 
made  only  while  it  is  in  that  part 
kich  is  not  mach  different  from 
Let  AF  VB  C  ^Fip  50.3  he  a  very^ 
action  of  a  Cone;  that  i>>  rhc  Di-k] 
rhofe  Foci  is  almoft  equal  co  ti 
fAxe :  Let  5,  the  Cenicr  of  the  Sanj|! 
ihe  Foci ;  it  may  be  the  Comet  h  o^ 
h  it  is  defciibing  che  part  A  P  of 
[rduring  the  rell  of   the  time,  while| 
jjbm  J',  thro*  r,  i?,  and  C,  (where  itj 
Jand  goes  off  into  very  diAant  Re^ 
ps  hid  by  the  Rays  of  the  Sun,  in  n 
icObferver  upon  the  F.arth,  niOVc< 
|i*Dn  S :   Or  K  may  be  the  Coi 
Hng  its  Motion  along  WP  KB,  und( 
f  of  tlic  Sun,  (che  biiuation  and  M< 
t  Earth  allowing  of  it,  and  com 
L  then  at.  lalt  is  obfcrvcd,  when  it  ii 
1  and  is  about  to  defcribc  the  line  BC; 
m  cafes,  the  Path  of  a  Comet  differs 
m  from  a  Right-line.     In  the  former 
J^mets  will  fecm  to  be  fwallow'd  by 
bccaufe  they  were  feen  before  their 
he  Sun,  and  afterwards  were  feen  no 
il  confequently  are  look'd  upon  as  de- 
lut  in  the  latter  cafe,  they  will  fccm 
|tof  the  Sun,  hecaufc  they  were  firft 
pir  afcent  from  che  Sun,  towards  the 
jgions*    BefideSj  when  a  Comet  in  i:» 

dcfcem 
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defcent  towards  the  Sun  (as  in  A  P,  comes  un- 
der our  Obfervation,  approaching  afterwards  to 
the  Sun,  and  lying  hid  for  fome  time  in  his 
Kays  (namely,  while  it  defcribesPP'iifJand  un- 
expectedly emerges  on  the  other  fide  of  the 
Sun,  with  a  Tail  confiderably  incrcafed,  (for 
rcafons  afterwards  to  be  afljgned  in  their  proper 
place;)  it  is  commonly  taken  for  a  new  Comet, 
and  different  from  the  former  j  the  Traje<ftory 
of  the  one  being  the  Right  line  A?^  buc  of  the 
other  ^C.  Now  the  difference  and  feeming 
contrariety  of  their  Trajectories,  have  deceived 
fome  Aftronomcrs,  who  have  afTerted  that  it 
was  not  the  fiime  Comet  that  defcribed  chetn 
both.  Nor  is  this  Miftake  eafily  correded  in  a 
Comec  that  never  returns  to  the  fame  place,  as 
we  know  of,  by  Obfcrvacion.  From  all  which^ 
the  reafonjis  plain,  why  ReAilineal  Trajeftorics, 
for  the  moft  part,  agree  with  the  Motion  of 
Comets ;  namely,  becaufe  only  one  portion  of 
it,  16  taken  for  the  whole  TrajetSory  :  But  if  the 
whole  be  confidered  together,  as  well  in  its  de- 
fcent towards  the  Sun,  as  in  its  afcent  from  ir, 
no  other  line  but  a  Conic  Seftion  would  be 
found  to  agree  with  it. 

Of  the  three  Sedions  of  a  Cone,  an  ElHpfe, 
having  the  Center  of  the  Sun  in  one  of  its  I-oci^ 
is  moft  agreeable  to  the  Motion  of  a  Comet,  a« 
fliali  be  demonflraced  in  ii«  proper  place:  And 
if  the  Comets  be  durable  Bodies,  and  return, 
none  but  an  Ellipfe  will  fuit  their  Motion.  Bat 
inftcad  of  a  portion  near  the  Vertex  of  a  very 
cxcentric  Ellipfe,  which  the  Motion  of  a  Co- 
met requires,  a  portion  of  a  Faj-abob,  having 
the  lame  Vertex  and  Focus,  may  be  fubfticutcd ; 
becaufe  not  fenfibly  differing  from  ic.  As  the 
Parabolic  Curve  is  its  true  Trajcdory,  if  it  ne- 
ver 
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ir  elfe  perhaps  an  Hyperbolic  obe^ 
ny  fuch  Comscy  whofe  Motion  an 
Trajcdory  will   better  agree  to, 

)0UC. 
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itrj  Planrt   revol'ver  ffhuT 
ibe  Verimit^r  /^  *"^ 
tSji  Primarj  in  cr    -^ 
c  Moon,  the  I  ;Jary,  It 

kt,  in  its  Revolution  about  the  tarthi 
lac  the  fame  time  llowcr ;  and  in  the 
t  greater,  andrwifcer:  'Tis  plain 
at  lis  Orbit  is  cxccntric  to  the 
t  it  is  an  Ellipfe  having  a  Focus  in 
Center,  may  he  proved  by  reafom 
y  M^hich  ( in  the  priced.  Vr^f.)  wc 
d  the  Orbits  of  the  Primary  Pla- 
eSun,  to  be  Elliptic :  namely,  be- 
ing ao  Llliptic  Orbit  for  the  Moon, 
from  the  Larrh,  ^omc  out  agreeable 
ion,  and  the/Equations  of  its  Motion^ 
bot  to  be  found  from  the>upporition 
ler  kind  of  Orbir.     All  this  acrcej 
|th  the  Orbics  of  the  Satellites  of  Ju- 
(aturn  ;  tho'  they  arc         '    Circalr" 
ftric  with  Jupiter  am:     . 
;  Elliptic  Orbits  of  the  Primary  Pla- 
reft,  as  was  laid  In  the  pra-ceding* 
yet  'tis  quire  othcrwife  in  the  Se- 
*or  their  Motions  arc  fo  difturbcd  by 
c'  explained  hepeaftcr,  that  the  fame 
p  not  dcfcribcd  again,    abftrarfling 
Motion  of  the  primary  Planet.    But 
♦lieir  Orbits  to  Ellipfes,  we  muft  rma- 
bUpfe  of  each  Secondary  Planet,  to 
fo,  as  that  the  Plane  of  chcEHipfe, 

and 
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and  Bocus  fixed  in  the  Center  of  the  Primary, 
continuing  the  fame,  the  Axis  of  the  Ellipfe  is 
carried,  in  ccnfejuentU^  by  an  angular  Motion, 
round  the  immoveable  Focus.  But  this  Motion 
is  fo  flow,  and  infcnfible,  (being  in  the  Moon 
an  hundred  times  flower  than  the  Moon  it  felf,) 
that  it  may  very  well  be  negleded  in  this  place; 
and  the  Ellipfes  defcribcd  by  the  Secondary  a- 
bout  their  Primary,  may  be  look'd  upon  as  un*- 
moved,  abftrading  from  their  Motion  round 
the  Sun  in  common  with  their  Primary, 

Proposition  XXXVIF. 

F  a  Body  be  froje^ed  according  to  the  dhtSion  ef 

j^   any  Right  linty   and  at  the  fime  time  urged  hf 

a  Centripetal  Force  tending  to  the  Center  S,  [F;^» 3  I.J 

fi  as  hy  a  Motim  compounded  of  both ^  it  defcrihes  the 

Curve  A  P  p ;  and  the  Right  line  9'^he  a  Tangent  t0  ■ 

it  J  in  a  point  P  j    and  ffom  the  point  B,  nearefi  to 

P,  a  line  hly  be  dra-ufn perptndicuLrr  to  the  Right  lint 

S  P,  and  the  Right  line  B  R  parallel  to  the  jame  line 

S  P^  and  if  the  like  eonJhruElion  he  made  at  any  other 

Point  p,  of  the  Curve :  I  fay  the  Centripetal  Force  i>» 

T^    -         L    ^  7  ^       •  Sp«tybdi 

P,   ij  to  the  Centripetal  Force  tn  p,  as  —I—- 

br 

5P«iyBD<!     ^     ,       /    ^      .      ,  ^ 

,j  to       m«  I  Or  that  tbe   Centrt/etal  Force 

-     T>      .  ,r  .      n  7  J    SPq  xBDa 

tn   Vy    u   reetprotally  as    tbe  Solid    ^-- 

li/hen  the  Ftgure  P  R  B  D  a  indefinitely  fmall. 

Let  the  Force  in  P,  that  tends  to  the  Center 
Sy  be  called  Vl  Let  the  Time  wherein  the  in- 
definitely fmall  Arc  FBy  is  run,  or  in  which  z 
Body,  by  its  yis  infita  alone,  would  run  the  in- 
definitely fmall  Tangent  PK,  be  called  7'.  Let 
the  Centiipcf^l  l^orce  ac'lipg  in  p  be  called  y : 

aii4 
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thac  fh,  or  the  Tiagcot  pr,  is 

Take  an  Arc  P  j9,  run  in  (he  fame 

c  Arc;*  ;  and  araw  ^p  parallel  to 

k  things  being  fuppofed,  \h  endcnc 

fe  o(  rhe  lineola  ^^  to  die  lioeelair, 

led  of  the  racio  of  ER  to  fif,  and 

offiptobr:  Bat  (by  Fr^.  24-)  BR 

:  daplicate  ratio  of  the  Arc  PA  co 

and  chefe  Axes,  fincc  they  are  in- 

nail,    are  as   the  Triangles  BSFj 

|C  fame  Altitude ;  that  t^  (bv  Ppvf, 

Eimes  in  which  they  are  defcriDed  by 
fntoS;  or,  by  Conftnidion,  a^  the 
rin  the  Arcs  PB,  pir,  arc  delcribed. 
Jineola  /g^,  is  to  the  lineola  tr,  as 
poducingthem;  that  is,  as  the  Ccn- 
pc  in  P,  to  the  Centripetal  Force  in 

Sefore  the  ratio  of  the  lineola  M  R 
[  hr,  is  compounded  of  the  dupU- 
the  Times  wherein  PB  and  pi 
i,  and  of  (he  ratio  of  theCentripc* 
ft  F  CO  the  Centripetal  Force  in  /  ; 

r  Symbols, -y;;-=:-   -h—     Of 

[-^.Andconfcquently-  =  j^^^ 

1 1.)  T  is  to  I,  as  the  Area  5 -B  P  to 
pi   or  as  its  double  5 Px J? D  to 

double  of  the  latter:  Snbfticnting 
r  • 

icad  of  the  ratio   =^7,   its  equal 

V        BRycSp'^KtJ^ 

nd  then  —  =  JTTJp^GToh^ 

iBRycSp^^bd^   to  hr%S?^% 

|«,  (  dividing  them  by  B  Ri^kr  ) 

b  as 
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-  to  - 


-         ,r      ■-'         BR       •       ■'The  t«^^ 
therefore  in  P  tending  towards  5,  is  reciprocally 
*-                                             ?  p 'I  X  sry^ 
4IS  the  narcent  dr  evanafcent  Solid  — — — -; :, 

Which  was  lo  be  dcmonftraced, 
COfipLLARr. 
From  whence,  if  any  Figure  (j4  Pf)kt 
glven^  and  in  it  a  Point  5,  to  which  the  Cert- 
tfipetal  Force  is  direiSfced;  the  Law  of  the  Cen- 
tripetal Force,  whereby  a  Body  drawn  from  its 
rectilineal  courfc,  (hall  be  made  to  keep  in  the 
Peiinietcr  of  ch;^t  Figure,  ant)  d^fcribe  it  in  ics 
revolution,  may  be  found  ;  provided  thisForce 
be  compounded  of  a  piopcr  one  imprefs'd  along 
the  Tangent  of  the  Figure,  For  the  Law  fought 
(by  this  Prep,  370  is,  that  the  Force  be  rccipro* 

cally  as  the  nafcent  Sohd — ,  which 

BR 

is  to  be  computed  from  the  property  of  the  Fi- 
gure being  given.  A  remarkable  inftanoe  of 
which,  vye  fliall^ivCj  taken  from  nature. 

Proposition  XXXVIIL  Lemma. 

IF  a  Right  line  Z P R  [Frf .  }2.]  rcucb  the  EBrpfe 
API,  whofe  Feci  are  S  ijnfi  F,  in  any  Point  P, 
and  a  Diamettr  as\Y^  he  drj'wn  parallel  to  it^  thrc 
the  Center  G^  th4  f^timEV,  of  tLe  Right  iine  SP, 
joining  titbtr  of  the  Foci  (as  S)  and  the  point  ofCttH' 
taSty  is  €^uaJ  tB  half  the  grciitcr  AxeC  A.  I; 

Thro'  the  other  Focus  F,  draw  FHparallel  to 
P  iJ,  meeting  SP  in  H.  Becaufe  (by  Prop,  48, 
lik'^.ELConic,  j^poVonius)  the  Angles  FPZ^  HPR, 
arc  equsil,  and  confcquently  their  alternate  ones 
PFH,  FWFare  equal;  therefbrePHis  equal  toPF. 
Again,  (by  z.EUm.  6)  5  £  is  equal  to  £  H,  be- 
caufe 
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fequal  to  C  F;  and  fince  5  H  ii  the 
E)f  the  Right  lines  P  5,  ?H^  it  urRI 
le  difference  of  chelioes  P  5,  P  Fj 
lit' chU  diflferencc.  And  there- 
le  op  of  the  Icffer  and  half  the 
equal  to  half  the  Sum  of  PS,  and 
Tref,  y I.  lik  ;.  EL  Cpnic)  the  Right 
taken  together  are  equal  co  the 
Wherefore  half  their  Sum  (th3t  i*, 
:o  half  the  greater  Axe  Cvf.  Whkh 
lonitrated. 


OPUSITION  XXXIX. 

.  in  4tn  Ellfffr  ;  thi  Laitf  cfilg 
..:,:  ttnding  so  tbt  Focm$  if  tht 

\_Fig,  ;v]  be  the  Ellipfc,  wbofc 

defcribed  by  the  rcvolvijic  Body  ; 

Umbilical  Point  S^  to  which  tits 

'cfled,  whereby  the  Body  driwn 

Uineal  Motion  is  retained  in  the 

nc:  required  the  Law  of  this  Force, 

conjugate  Axes  of  the  EUipfcs  T>f, 

one  another  in  the  Center  C.  And 

j'oint  P,  in  its  Perimeter,   draw  a 

^,  and  a  Diameter  P  Af,  and  a  con- 

JCK  parallel  toPZ,  to  which,  from 

he  perpendicular  P  N, '      Complcat 

Logram  PC  lU,  and  the  Right  line 

chtheEUipfe:  (by  ly,  B^^ok  i.CwkJ 

^ing  JK'mE.    Thro*  i?,  the  nearcft 

rtetoP,  draw  BR  parillcl  to  PS,' 

I P  2,  meeting  the  Right  line  SP  in 

xripetal  Force  tending  to  S,  t$  (by 

teiprocally  as  the  fohd — - — - 

Whivh 
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Which  therefore  mull  be  computed  from  the 
nacure  of  theEllipfe.  In  order  to  which^  let  the 
TrincifA  Faramtter  of  the  Ellip^,  or  that  which 
belongs  to  the  greater  Axe  T'yi,  be  caird  L  The 
Ratio  of  L%RR^o  BD'i'n  Compounded  of  the 
RaciQSof  L%BRtQ  L%  FO,  L%?0  tO  MO  yc 
TO,  M0%PO  to /i  0*1,  BQ<^  CO  B.V^,  and 
B  X'i  to  B  D'i:  But  the  Ratio  of  L  x  ^  i?  to 
L'iCPO,  or  (hyFroj>^i.  El  ^.)  of  R  R  or  PX 
to  PO,  is  equal  to  the  Ratio  of  P  K  t6  PC,  (hy 
Tr^p.  2.  EL  6.)  bscaufe  XO  is  parallel  to  £C  /' 
and  (by  prarced.)  P  fl  is  equal  to  AC  :  Thcre-^ 
fore  the  Ratio  of  L  >c  5  R  to  L  x  PO  is  equal  to  ' 
the  Ratio  of  y^  C  to  P  C.  The  Ratio  likewlfc  of 
jLx  PO  ro  AIOtcPO  is  t!ie  fame  with  the  i 
Ratio  of  L  to  MO,  And  the  Ratio  of  A/  O  x  ' 
P  O,  or  the  reelangle  MOP  toBO^,  is  the  i 
fame  (by  Prop.  zr.  B.  i.  Conic.)  with  the  Ratio  of] 
the  reAanglc  AfCP  (that  is,  C  P'i)  to  /C^. 
And  in  the  prcfent  cafe,  the  Ratio  of  B  0<J  to 
BX^  is  the  Ratio  of  equality  j  for  the  Point  B 
coinciding  with  the  Point  P,  BO  becomes  c- 
qual  to  BX.  Laftly,  the  Ratio  of  B  X^  to 
B  D^  is  equal  to  the  Ratio  of  P  E*?  to  P N*\  : 
(For  the  Triangles  BDXy  PNE  are  equiangu- 
lar, the  Angles  at  D  and  N  being  right  j  and 
B  X  D3  PEN,  beijig  alternate,  and  therefore 
equal,  becaufe  of  the  two  Parallels  5 AT,  EN,) 
And  P  E4  is  equal  to  C  -^*?,  becaufe  the  Hnes 
themfelves  are  equal  ("by  the  praeceding  Propo- 
lltion.^  Therefore  the  Ratio  of  B  XHko  8  D^ 
is  the  fame  with  the  Ratio  of  C  ^"^  to  P  N^. 
Defides,  (by  Prop.  72.  Book^.  of  Grtgotj  St.fln- 
ctvr,)  the  redangle  under  GC  and  CJ  is  equal  ro 
the  Parallelogram  PCIH,  that  is,  tothercdl- 
angle  under  ;c,  PN:  Wherefore  (by  16. £/. 6,).' 
C  w^  is  to  p  N  a*;  IC  to  GC;  therefore  C  Ak 

is 
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lC*i  to  G  CI:  The  rarJo  thcrtfore 
D%  h  the  fame  with  the  ratio  of 
I^.      Since  therefore  the  ratio  of 
ID^  is  compounded  of  the  ratios  of 
LnPO,    L%PO  to   MO%tO^ 
B0%  BO^  to  ^  A'*!,  and  BJTI 
compounded  alfo  of  ratios  refpc* 
CO  chefc:   namely,  of  theratiof 
L  CO  MO,  C  P^  to  IC%  and  !C% 
thcrefotc  will  be  equal  to  the  ra- 
L%PC^  to  PCX  A/OxGC^: 

icxcfore  the  one  in  the  room  of 

tioof  LtcHR  to  B  D%  is  equal 

C^lxPCS  to  FC7^AfO%GC% 

ratio  z  P  C  to  Af  O :  But  (  in  the 

fincc  the   point  B  is  the  ncareft 

,)  the  point  O  muft  be  the  Icaft 

Ible  from  the  point  P;  that  ij,  MO 

f?Ci   and  therefore,  in  this  cafe, 

jboal  to  BD'i:  Becaofe  chcrcfqre> 

'»r.n  r         «»     -     5P^XJ5D<I 

^BD^^L%BRy  t\i  — 


5P'»x£ 


BR 
The  Ccniri- 


therefore  is  reciprocally  ptoportio- 
fid ,-  and  L  in  it  is  a  conttaot  inr^ 
jlinc- 

fherefore  of  the  Centripetal  Force 
|e  Focus  of  an  EUipfe,  (whereby  % 
I  off  perpetually  from  itsRediiincal 
pt  in  the  perimeter  of  that  Figure, 
)icin  its  Motion,)  is,  that  ic  is  reel-- 
iportional  to  the  Square  of  the  di- 
he  Place  P  from  the  Center  S. 
\  be  found. 
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COROLLART  I. 
If  the  Focus  5,  of  the  Ellipfe,  to  which  the 
"Porce  tends,  together  wich  the  nextVercex  Z^ 
^continue  as  before^  [F/^.;4.]  but  the  Focus  F,  ap- 
^preach  k,  and  ac  laft  coincide  with  it  ^  the  Body 
P^will  now  be  kept  revolving  in  the  Peri  meter  of 
^'Circle,  by  the  Centripetal  Force  tending  to  5, 
after  the  fame  manner,  and  by  the  Iknie  Li^^j  as 
it  was  in  the  Perimeter  of  the  Ellipfe.     And  as 
atircle  may  be  dcfcribcd  by  a  Body,  acled  up- 
on by  any  Centripetal  Force  tending  to  a  point 
Ctuated  without  the  Right  iine^  according  co 
the  diredion  of  which  it  would  have  moved 
by  its  l^h  hfita  alone,  (as  was  faid  in  Prop.  29.) 
lb  a  Right  line  will  be  defcribed  by  a  Boay  that 
is  urged  by  no  Force  tending  to  a  point  fuuated 
without  the  faid  Right  line  :   For  if  the  two 
V^ertices  continue  the  fame,  and  the  Foci  ap- 
proach  to  them,  the  Ellipfe  will  be  turned  into 
a  Riglic  line.    But  to  defciibe  any  other  Lines, 
befides  a  Right  one  and  a  Circular,  a  particular. 
Law  of  the  Centripetal  Force  is  neccluiry. 

COROLLART  3. 
If  the  Focus  5,  [Fig-  jj.]  of  the  Ellipfe,   to 
which,  as  a  Center,  the  Force  be  direded,  toge- 
ther with  the  next  Vertex  T,  remnin  as  before, 
and  the  other  Focus  F,  go  farther  off  iw  hifinititm^ 
the  Body  P  will  be  kept  in  the  Perimeter  of  the 
Figure  TP,  by  the  Cencripeaal  Force  tending 
to  Sy  after  the  fame  manner  as  it  was  before, 
and  by  the  fame  L:\w.     But  in  this  cafe,  the  El- 
fipfe  will  be  turn'd  into  a  Parabola  :  The  Law 
therefore  of  a  Centripetal  Force  tending  to  the 
Focus  of  3  Parabola,  retaining  a  Body  in  the 
Perimeter  of  fuch  a  Figure,   is  this,  that  it  W 
reciprocally  proportional  to  the  Square  of  th< 
Diftance  from  the  Focus. 

CO2 
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COROLLAnri, 
[reft  concinuing  as  before,  ehc  Focq< 
go  oiT  CO  a  more  than  inAnice 
ac  15,  if  it  appear  on  cIms  other  fido 
ke  the  Vertices  A  and  T  lie  b^ 
^oci  5  and  /•' •  whereas  before,  tho 
were  between  the  Vertices  A  and 
cafe,  the  EIHpfe  is  tum'd  tnco  ao 
the  Body  aded  upon  by  the  fame 
>ntripctal  Torce  as  before,  (that 
ncic^ile,  as  the  Square  of  the  Di- 
ihc  CcntcJ'  decrcafcs,  )  will  then 
Perimeter  of  this  Hyperbola, 

COROLLART  4- 
s  Focus  F,  [R^.  ?70  of  the  for- 
and  the  Vertex   A  continue  lixr, 

taican  while  the  other  Fociu  S,  to 

bfcc  is  dire<aed,  go«  off  further 
I  to  an  infinite  Diftance,  (that  is, 
be  turned  into  a  Parabola;)  the  Cen- 
:e  direded  to  rhc  Point  S  at  an  in- 

fce,  or  according  to  Right  .lines  pa- 
i\Q  Af,  by  which  the  Body  moves 
!er,  will  become  equable:  ForE>i- 
m  infinitely  diftant  Center,  whofe 
finite,  are  equal.  And  therefore 
lich  is  reciprocally  as  the  Square  of 
e,  is  equable.  And  convcrfely,  a 
pon  by  an  equable  Force,  tending 
mfinicely  diftant,  and  which  con- 

^dire<aed  according  to  Right  lines 
given  one,  will  defcribc  in  iciMo- 
bola,  whofe  Axis  is  parallel  to  the 

I  line.    And  iliis  is  the  famous  Thc- 

lileo,  concerning  the  path  or  traA 

lie. 
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COROLLARY  5. 

AH  things  continuing  as  before^  if  the  Focus 
Sy  (or  Center  to  which  the  Force  15  dire<9:ed) 
go  off  ro  more  than  an  intinice  Diilance,  as  in 
CeroL  J.  it  h^ppen'd  to  the  Focus  F,  then  theEl- 
lipfc  will  be  turned  into  an  Hyperbola,  [Fi^.j8.3 
ind  the  Body  made  to  move  in  the  Perimeter  of 
the  Figure  thus  changed,  by  a  Force  ading  ac* 
cording  to  the  dire<fHon  of  the  Right  Une  S  P, 
chac  is,  reciprocally  proportional  to  the  Square 
of  the  Dirtance  of  thcPlace  from  the  Center  Sz 
and  that  confequently  is  a  Centrifugal  Force, 
in  regard  of  the  Point  5,  bccaufc  the  Curve va  F^ 
is  convex  towards  A. 

As  an  EUipfc  is  defcribed  by  a  Body  urged 
by  a  Force  tending  to  either  of  the  Foci  (  bc- 
Cuufc  within  it,)  and  ading  according  to  the 
Law  of  the  preceding  Propolicion  j  and  an  Hy- 
perbola, while  the  Centripetal  Force  of  the  fame 
Law  tends  to  a  Focus  within  it,  qr  while  the 
fiid  Centripetal  Force  is  changed  into  a  Cen- 
trifugal one,  tending  to  a  Focus^  without  the 
Curve :  So  a  Parabola,  which,  as  it  were  a 
mean  betwixt  thefe  two  Sei^onsj  partakes  of 
the  nature  of  both ;  and  is  defcribed  by  the  a<fti-. 
on  of  a  Centripetal  Force  of  the  fame  Law, 
rending  to  a  Focus  within  the  Curve,  (a*  in  both 
the  preceding,)  and  by  the  aftion  of  a  Centri- 
petal Force  tending  to  one  Focus^  or  a  Centri- 
fugal Force  tending  from  the  other,  (after  tho 
manner  of  an  EUipfe  and  Hyperbola  refpe- 
dively,.)  according  as  that  other  Focus  is  (up- 
pos'd  to  be  placed  towards  the  convex  or  con- 
cave parrs  of  the  Curve:  For  both  ways  it  may 
be  confidcrcd  as  infinitely  diftanc. 
COROLLART  6. 

From  this  PropoJlcion  and  its  Corolbries,  it 
follows,  that  if  any  Body  be  projeded  from  any 

Point 
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ling  ro  the  direftion  of  any  Right 
any  Velocity,  and  be  aAcd  upoa 
time  by  a  Centripetal  Force,  which 
roportionai  to  the  Square  of  the 
tPiace  from  the  Center  S,  fitu- 
"le  ;ibovemcnfion'd  Right  liac^ 
tovcd  in  one  of  chc  Conic  ^e^iom, 
^ocQs,  as  rh&  Center  to  which  chc 
ted.     For  the  Ellipfc  of  the  for- 
rion  c%n  be  changed  into  no  other 
Jght  line  and  a  GLonic  Se^on  j  Cby 
of  either  Focus  in  the  Axe  pro- 
teed  be.'     And  chc  ptinci pal  Para- 
is  Sefiion  or  £^  by  the  demon  (Inci- 
bpofition,  ('wliere  it  was  fhewn  thiac 
bD*?,J  is  a  third  proponional  to  BR 
jfOdercd  as  nafccnt, 

I  Propojitiok  XL. 

\  Bodies  Ttuolve  about  a  common  CcftSt^y 
'Centrifetsl  Ferae  ht  rtclft^caBj  «/  thi 
fff  DiJtdTKt  from  tbt  Cento" ;  I  fay  tb^ 
^e  PericJic  Times  in  EUiffet  are  as  /i# 

"ranjvcrfe  j^xa* 

►e  any  two  Orbits  ^P  7*,  «^/,  aboHt 

>cus5,  r/jj.j^Jin  which  the  former 
h  fuppos'd  to  continue.  Their 
and  /,  (  by  Corol.  6.  of  the  pre- 

toficionj  ure  refpedively  equal  to 

the  Points  B  and  P,    Kkewife 

iciding.    But  RB  is  to  r  i  ( being 
the  fame  time  j  as  the  Centripecd 
to  the  Centripetal  Force  in  f  ;  that 
tficion^  asS  p<*  to  S  P*i  :  And  there- 

G  z  kd\ 
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bd^y^Sfi.  And  BDy^SP  is  toWx  5;,  as 
their  halves ;  that  is,  as  the  Areas  defcribcd  at 
the  fame  time  by  the  Bodies  P  and  p:  And  there- 
fore L  and  /  are  as  the  Squares  of  the  Areas, 
that  are  dcfcribed  in  the  fame  time,  by  Radii 
drawn  to  the  common  Center  S  ;  that  is,  thefe 
Areas,  defcribcd  at  the  fame  time,  are  in  the 
fubduplicace  ratio  of  the  Parameters.  And 
fince  the  inrire  Areas  of  the  Ellipfes  are  as  any 
leffer  pares  of  them,  defcribcd  ac  the  fame  time, 
drawn  into  the  rrtpc<3ive  Periodic  Times ;  the 
{ntire  Areas  will  be  to  one  another,  in  a  ratio 
compounded  of  the  fubduplicate  of  the  Para- 
merers,  and  ilmple  ratio  of  the  Periodic  Times. 
Since  fby  Prop.  191.  Book  4.  of  Gregory  Sr.  Vm^ 
€•<»*;  the Ellipfe  AGTY  i^  to  ffgtj^  7ii  AT%GT 
Uio  a  t  yc  gy:  And  therefore  the  redangles  un- 
der the  Axes  of  rhe  Ellipfes,  are  in  a  ratio  com- 
pounded of  the  fubduplicace  ratio  of  the  Para- 
meters, and  of  the  fimple  ratio  cf  ihe  Periodic 

Times  J  rhat  is,  as  L\  x  Periodic  Time  in  AF  T 

to/2  X  Periodic  Time  \napt.  And  fincefrom 
the  nature  of  an  EUipfe,  G3^  is  a  Geometric 
mean  between  L  and  A  T,  and  gy  betwixt  /  and 
ati  or  Gr  =  L^x^r2,  and^j'=:/  2  x  jf  i; 
^hcrcfoieX^  x  A  r' :  /  ^  x  ;j^'*  ; :  f  GTx  AT  i 
ty^^t ::)  L^  X  Periodic  Time  in  A?T',  t^% 
.jreriodic  Time  in  apt.  Dividing  therefore  th© 
Antecedents  by  L^  and  the  Confequcncj  by  /?> 
and  fquaring  the  Quotients  you  will  have  the 
Cube  of  A7\  to  the  Cube  ox  a  t,  as  the  Square 
of  the  Periodic  Time  in  eke  Ellipfe  ATT,  to 
the  Square  of  the  Periodic  Time  in  the  Ellipfc 
^Pt»  Whioh  was  to  be  demonftrated. 
COHOttAKT  I. 
Becaufc  a  Cjrde  is  a  Species  of  an  Ellipfe; 
where  both  the  Foci  coincrde  with  the  Center, 
|nd  (he  greater  Axe  is  equal  to  any  Diameter, 
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:  Squares  of  the  Periodic 

volving  in  an  Ellipfe  and 

t  the  (amc  Center,  are  a*  the  Cubes 

ifverfe  Axes :  And  thtrcfcrc,  if  thir 

Lr  Cubes  are  eqaal,  (he 

Timc^.  and  confequcncij   ur^  1 1- 

chcmlelv-cs,  will  be  equal:  that  h^ 

ccr  of  chc  Forces  is  the  T^me,  the 

es  in  Ellipfcs,  will  be  the  (iimc 

Circles,  whofe  Diameters  aree- 

eatcr  Axos  of  the  EUipfes. 

i  COROLLARY.   2. 

nt  from  rhe  Dcmonnration  of  the 

that  the  Parameters  of  any  Orbits, 

Bodies  revolving  about  a  common 

a(5cd  upon  by  a  Centripetal  Forcc^ 

prociilly  as  the  Squares  of  the  Di- 

the  Center,  are  as  the  Squares  of 

bribed  in  the  {anie  time,  by  Radii 

Center :  For  this  was  demonftra- 

y  of  any  Orbits,  whether  Mliptic, 

Hyperbolic,  before  the  realbning 

to  Ellipfes,  in  which  only,  the  Pc» 

Jias  any  place. 

Proposition  XLL 

nt/  of  the  CmtrlpttAl  Feru  bting  at 
I  fjj  tie  !^flficluft  ef  any  BoAm 

t  tl.  ''       r     -.-.,,  ^  ■   -       ^,,f. 

friwip4l  Paramcteri  belonging  t^  the 
Ttbf^  md  of  the  uclprccal  ratio  of  the 
let  faO  from  the  common  Ccisltr  upcn 
U  art  Tttngcnts  at  the  feints  Habere  thi 

jbdiesP-and/)  [F7^.  40.]  rcvobe  a- 
bmmon  Center  i,  in  any  kind  of 
\i,  Uccaufe  the  Bodies,  by  fuppofi- 
G  4  lion^ 
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tioUy  arc  a^ed  upon  by  a  Centripeul  Force, 
reciprocally  proportional  to  the  Square  of  the 
Diftance  of  the  Place  from  the  Center  ;  thefe* 
Lines  will  ( by  Corol  6  Prop.  }9.)  be  Conic  Sc* 
^ions,  having  S  for  a  Focus.     Lee  their  princi- 

;)al  Paramecers  be  calTd  L  and  /,  From  S,  lee 
all  5N,  sn,  perpendicular  upon  the  Right  lines 
P  R,  pr^  Tangents  in  P  and  p.  I  fay  the  Vc1<k 
city  of  the  Body  Py  is  to  the  Velocity  of  the 
Body  p,  in  a  ratio  compounded  of  the  ratio  of 

L '  CO  l^j  and  of  the  ratio  of  ^«  CO  SN ;  of 

as  £2  X  Sn  to  /2  >c  SN, 

Take  the  Arcs  PB,  phy  defcribcd  in  the  fame 
infinitely  fmall  time;  and  thro*  B  draw  B  JliT pa- 
rallel to  RP,  and  J5  0  perpendicular  to  S?-^  let 
the  fame  be  done  at  b.  The  Velocities  in  P  and  p 
are  as  the  nafccnt  Arcs  VB,  pb  ;  becaufc  they 
are  the  Spaces  run  in  the  fame  time  j  that  is, 
as  the  Lines  P  R  and  f  r  equal  to  them.  The 
right  angled  Triangles  B  D  Xy  SNP^  having 
the  Angles  B  A'D,  S  PN  equal,  becaufe  B  A", 
iV?  are  parallel  J  fo  rhat  Shi ;  S  P  \:  BD:  BX^ 
and  therefore  B  Xy  or  whac  is  equal  to  it  PR  =s 

spy:  B  D      ,"                   SpY^hd    ,         re,- 
— - — .    And  p  r  =r  -^ ',  becaufe  of  fi- 

milar  ratios.  But  SP^iCBDy  Sp%hd  are  as 
their  halves,  that  is,  SP  By  Sp  b;  or  the  Areas 
defcribcd  at  the  fame  time  by  the  Bodies  Pand  p, 
which  again  (by  Cor.  2.  Prop,  preced.)  are  as  the 
Square  Roots  of  the  Parameters  L  and  /;  or  as 

11  *  to  /^*  And  therefore  PR  is  to  ^r,  or  tl>e 
velocity  of  the  Body  in  P,  is  to  die  Velocity  of 

the  Body  in;,   as  ^-^  «o^\  or  asX^^cSJa^ 

to  l'^  '^SN:  That  is,  in  a  ratio  compounded  of 
the  fabduplicatc  ratio  of  the  Parameters  ro  the 
Figart^s  PB,  pb^  and  of  the  reciprocal  ratio  of 


o/  Astronomy.      S9 

|icular«»  let  fall  from  rhc  Center  of 
f,  upon  the  Tangcntf.  Which  was 
kftrxDcd, 

COkOLLART  ». 
follows,  that  the  Vclodtics  of  the 

icif  grcatcft  and  lea  ft  Di/bnces  from 
in  Focuf,  about  which  they  revofve, 
lo  compounded  of  the  fuMuplicate 
ie  raramcier*,  and  of  the  reciprocal 
I  Diftanccs  from  the  common  Focuf . 
Br  ^---^  ind  lead  Dift^nces  from 
tthe  -■icular  to  the  Tangent  h 

be  it  fclf,  If  thefe  Diftanccs  from 
[are  cqual^  the  Velocities,  in  that 
\  time,  are  in  the  fubduplicate  ratio 
l^metcrs ;  that  other  ratio  of  the  di- 
mming a  ratio  of  equality.  And  if 
igurcs  be  a  Circle,  the  Velocity  In 
:<Sion,  in  the  grcateft  or  Icaftdi- 
the  Foots,  will  be  ro  rhc  Velocity 
le,  as  the  Sipiare  Root  of  the  Para- 
te  Conic  Se^on  ts  co  the  Square  of 


VOkOLLART  2. 
me  or  different  Figures,  having  c- 
eters,  the  Velocity  of  the  Body  i> 
•  as  the  Perptindicular  let  fall  from 
I^enter  of  the  Forces,  on  ihc  Taii- 
the  fubduplicate  ratio  of  the  Para- 

this  cafe,  is  a  ratio  of  equality. 
Drc  the  Velocities  of  a  Body  rcvoU 
Ellipfe,  in  riic  greaieft  and  leaft  di* 
^  the  Focus,  are  reciptocully  as  the 
For,  in  this  cafe,  the  diftanccs  arc 
Ifliculars  to  the  Tangents  of  the  Or- 
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COROLLART  3. 

The  apparent  Motions  of  a  Body  in  the  prin- 
cipal Vertices  A  and  P,  [F/^.  41.]  viewed  from 
the  Center  of  the  Forces  S,  are  reciprocally 
as  the  Squares  of  the  Diflances  S  A,  S  P.  Take 
ac  the  Vertices  A  and  P,  the  indefinitely  fmall 
PiiQsAay  ?fy  defcrihed  in  equal  inde/imtely 
fmall  Times,  by  a  Body  revolving  about  5;  and 
join  Sa,  S p.  The  apparent  Motions  of  the 
Body  from  5,  are  the  Angles  AS  a,  P5/w 
The  ratio  of  thefe  Angles  AS a^  P  Sf,  is  com- 
pounded oi"  the  Ratio  oi  A  a  to  T  p  (fmce  thefe 
Arcs  do  not  differ  from  Circular  Arcs  defcrihed 
upon  the  Center  5,  )  and  of  the  ratio  of  SF  to 
SA;  or  the  reciprocal  of  the  Radii.  Butbe- 
caufe  Aa,  Pp  are  defcrihed  in  equal  Times, 
they  will  be  as  the  Velocities  in  the  points  A 
and  P,  which  (  by  Corol,  preccd,)  are  as  5  P  to 
S  A.  And  therefore  AS  a  is  to  P  Sp,  as  S  P  ^ 
to  SA'i, 

COROLLART  4, 

Hence  it  follows,  that,  if  the  Orbic  be  very 
nearly  a  Circle,  the  apparent  Motions  of  the 
Body  viewed  from  the  Center^,  are  very  nearly 
reciprocally  as  the  Squares  of  the  Diftanccs 
from  it-  For,  in  this  cafe,  all  the  Right  lines 
that  fall  upon  the  Orbit  from  6',  are  nearly  per- 
pendicular CO  ir. 

COROL[.ART  5. 

From  Corel,  a.  it  follows,  that  if  a  Body^ 
moved  in  any  Conic  Sedion  WD 5  [F;^. 42.3 
as  before,  fhould  leave  the  Curve,  and  go  on 
uniformly  in  a  Right  line  P^,  couching  the 
Curve  in  P,  with  the  Velocity  it  had  in  the 
point  P;  the  Area  S  P^  which  it  would  de- 
fcribe  by  a  radius  drawn  to  J>,  would  be  equal 
to  the  Area  S  A  Dy  which  (in  the  fame  or  equal 
fimc,)  it  would  defcribe,  being  kept^ftill  moving 

in 
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ic  Sedion.    Take  the   linroh  Aa^ 

bed  in  the  fame  ir  1/  fcnali 

bo  Bodies;  and  froni  iu>.  >  ocqs  S  of 

td  the  Tangents  /f  W  and  P  js  ,  Ice 

pcndicolars  5  //,  S  N.    By  CrW.  x. 

in  yf  ii  to  the  Velocity  in  r,  as  51/ 

r  as  the  Velocities  in  A^nA  p  are, 

paces  run  in  the  fame  rv         -  the 

ncly,  A  a  and  ^  R.    A;-.  .;..., fore 

;?,   as  5  N  CO  5  fL    Therefore  the 

Aa  \s  equal  to  tlic  Triangle  S  P  R. 

pn  holds  in  the  indetinitely  (mall 

bat  confticuie  the  Trilincal  Figures 

' ;>nd  the  ^"  's'  A D,  SP^ 

p  .  equal  jv  i  Triangles^ 

It  running  A  D  and  P^  bcinj^ta- 
l|»  Triangle  S  P  ^ts  equal  to  che 

^TopOSITION  XLII. 
sr»arj  Planet f  t^d  Ccmtts  ns0Vet  ahmt 
p  atctrdivg  to  thU  L^v^f  that  the  Mp* 
\f  comfotPtdtd  tif  an  r<fttgbit  cm  ahug  iht 
b^Orbltj  ani  emtbtr  tending  towarJt 
un^  in  which  the  ettdir sting  Fcrct 
crtmul  to  tbt  S^mire  if  the  A* 
at  Center, 

he  Primary  PI;!ncrs  (hy  Prop,  i  j.)  is 
jy  a  Force  tending  toward  the  Ccn- 
an  ;  and  i  by  Prof*.  ^4-j  dcfciibes  the 
f  an  Ellipic,  having  the  Sun  in  its 
all  this  is  true  alfo  of  any  Comer, 
tions  14  and  %^  i )  or  at  lead  it  de- 
le other  Conic  Se^Mon  having  the 
^  feeing  it  is  aded  upon  by  a  iorcc 
ards  the  Sun.    And  therefore  (by 
its  CoroUar'tes)  every  Comet  is  a<flcd 
mpreli'd  along  a 
Tangenf 


Blbments        Bookl. 
Irf*^^^5S5^^**  ***  another  whereby  it  is 


v*5!*  **  Tangent   and  kept  m   a 

ncarOrKr   nrliich  tends  towards  the  Sun's 

:hc  Focus  of  the  Sedion,  and 

ioportional  to  the  Square  of  the 

~  ,  ic    Which  was  to  be  demons 

-  and  Comets  therefore  are  to  be 
-i ._  many  Projediles,  which  areafted 
^|p>OQ  by  c>Mo  Forces.     For  in  this  manner,  and 
Iftto  only,  do  they  defcribe  Orbits,  fuch  as  Ob- 
%«v«cion  finds  chem  to  be.    And  the  Law  of  the 
Vofc«  chat  draws  off  thefe  Projecailcs  from  their 
Rockilineal  Motion,   is,    that    ic    increafcs    as 
the  Square  of  the  diftance  of  the  Comet  or  Pla- 
cet projcded,  from  that  Center  of  the  Sun,  in* 
crcflfes :  Which  is  the  Law  whereby  the  Planets 
tend  to  the  Sun,  as  we  have  demonftrated,  o- 
therwifc    than  from  the  Figure  of    its  Path, 
in  Prop.  28. 

Proposition  XLIIL 

THE  Nodes  and  Affidts  of  the  Orbits  and  Pla^ 
nets  Af€  at  nft. 
For,  by  ?rof.  40.  every  Planet  revolves  in  an 
immoveable  Plane,  and  the  common  Interfe- 
ctionof  any  two  Planes  continues  immoveable  : 
But  the  Intcrfe<SHon  of  the  Plane  of  any  Planet, 
with  the  Plane  of  the  Earth's  Orbit,  is  the  Line 
of  the  Nodes  of  that  Planet.  The  Nodes  diere- 
fore  of  that,  and  in  like  manner  of  all  the  Pla- 
nets, arc  at  reft.  Befides,  every  Planet  defcribes, 
in  a  Plane  that  is  at  reft,  always  the  fame  El- 
lipfe,  which  therefore  is  ac  reft,  (by  Vrcv.  ;4.) 
and  confeqaently  its  ApHdcs  are  at  reft.  Which 
was  to  be  dcmonftraced, 

COROt- 
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iCOROLLART. 

^  office  of  ever>'  Fixe  Star  ii  like 
jSun,  (as  far  as  Men  arc  capable  of 
liamely,  to  have  fereral  leiTer  Bodies 
ky  Ptaoers  revolving  round  its  trail 
[^r  aifeiftions  likcwife  wilt  be  ti* 
PK  ics  Motion,  like  the  Sun's,  will 
Rmenfiblc  ^  which  is  (archer  eviJcnc 
pftan(  and  always  the  fame  mutual 
\  the  Fixe  Scars.  Confequenily  the 
i  the  Nodes  and  of  chc  ApfiJes  of  tho 
in  rcfneA  to  the  Fived  Star'., 

CHOLIUM. 

on  is  crue^  if  the  Cencripec^ 
Planets  towards  the  Sun  be  onljr 
las  has  hichcno  been  done  :  But  if 
lA^tions  of  tixe  Planets  and  Cctncr^ 
kocher^  be  taken  into  the  conlklera* 
will  be  a  licde  otherwife  ;  a$  fhall 
,  its  proper  place.  But  the  Effedi 
^ons,  by  reafon  -  of  the  fmaU- 
|he  Forces  that  produce  them,  arc 
land  as  ir  were  none  ac  all,  and  ;herc- 
pegle^ed  in  this  place  Nay,  the 
[the  Nodes  and  Apiidcs  of  the  Pn* 
p  are  (b  Imall^  chat  no  notice  ac  :i!| 
ken  of  them  by  vcr>*  confiderabl^j 
,  in  their  Calculariom,  and  tbi 
pfides  lookd  upon  to  be  at  re (t 

ROPOSITION  XLIV* 

ti  m$i  Comets  mtri/t   m  tbi  Hii 
iwith  tbt  gnattji  FraJom ;    and  n 

f  Mctlm  way  bt  preftrvedfor  d  V€rj  L 

\rdp,  59.  (where  we  determined  th& 
Centripetal  Force,  whereby  a  Bod|t 

III 
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is  urged,  that  revolves  in  the  Perimeter  of  an 
Ellipfe,  Orany  other  Conic  Sedion,  having  the 
Center  to  which  :he  Force  tends  for  a  FocusJ 
we  fuppofed  both  the  Motions^  of  which  the 
Morion  in  an  Elliptic,  Parabolic,  or  Hyperbo- 
lic Curve  is  compounded,  to  be  perfedly  free, 
and  having  nothing  to  hinder  or  relift  it.  Since 
therefore  the  Planets  dcfcrlbe  in  their  Motion^ 
perfed  Ellipfes,  whofe  common  Focus  is  the 
Sun,  and  continue  their  revolutions  in  the  fame 
Ellipfes  ;  'tis  manifcft  from  the  convcrfe,  chat 
the  Motion*  of  the  Planets  are  intirely  free  front 
all  refiflancej  that  is,  that  the  Planets  move  in 
the  Heavens  very  freely.  And  if  the  PlanecA 
move  freely  in  the  Heavens,  wi:hout  any  refi- 
ftance,  the  Comets  will  do  fo  too  j  becaulc  they 
arc  moved  along  the  regions  of  the  Planets,  du- 
ring their  being  vifible  to  the  Inhabitants  of  the 
Earthy  in  Orbi  s  that  are  cither  true  Ellipfes  or 
ipecies  of  Ellipfes  j  namely.  Parabola's  or  Hy- 
perbola's, having  the  Sun  in  the  Focus;  to  the 
defcrip:ion  of  which  the  fame  freedom  from  all 
jcfiftancc  is  neceflary.  And  that  the  rcfiftance 
of  the  medium  in  the  regions  of  the  Solar  Sy- 
fteme,  beyond  the  Planets,  is  not  greater  than 
in  the  Planetary  regions,  is  very  probable.  For 
if  there  were  the  lead  fenfihle  refiftancein  the 
Heavens,  the  fame  Orbits  could  not  be  defcribed 
by  the  Planets  carried  about  the  Sun,  like  fo 
many  Projediles,  as  have  been  demonftratcd  to 
agree  to  them,  moving  freely :  Bur,  juft  as  in 
our  Air,  the  way  of  a  Projctailc  is  found  to  be 
very  different  from  a  Parabola,  which  it  would 
defcribe,  if  there  were  no  rcfiflance,  fo  the 
ways  of  the  Planets  at  Icaft  after  feveral  revo- 
lutions, would  be  found  to  be  very  different 
from  Ellipfes ;  and  the  Ellipfes  the  fame,  for 
lylagnicuJe  and  Pofitionj  with  fuch  as  arc  to  be 


to  c: 
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Planets,  moved  in  free  Spaces, 
Jp  exadly  agree  with  the  Places  ob- 

ler  times,  as  well  as  in  chc  prefent 
tind  by  a  due  Cilculacion  they  da 
ly  there  is  no  refiflance  at  all :  Buc 
and  Comets  move  in  the  Heavens 
and  therefore  their  Motion  may  be 
To  as  to  endure  for  a  ver)'  long  time. 

be  demon  (Ira  tc4» 

^Proposition  XLV. 

tJarj  Vlaneis  move  a^out  tot  Frimitj 
/•  tbii  Law,  tSat  ktfiJes  /if  0cctU- 
tttf  Frlmdfjy  tbt  M&tipn 
an  c^HsbU  em,  aicng  sht ']  ^ 
^//  cf  another  ttndimg  to  tht  Cmttr  9{ 
I  in  which  tit  ^ueUrath^t  F^t  it  red- 
fporiional  to  tbt  SquttrK  if  tltt  dl^dnce 

Side  all  the  accelcraring  Force  whcrc- 
[ary  is  urged,  (as  was  done  in  Pr^nio.) 
jdary  Planet  (by  Prop,  jy,)  re 
pary  in  the  Perimeter  of  an  ii.ij,.^, 
*ocus  in  the  Center  of  the  Primary, 
i)V  Prof.  20.)  the  Centripeul  Pnrcc 
yhichic  is  drawn  off  from  its  redili- 
^1 ;  (l-or  the  deformity  of  cheEllipfc 
n  the  Motion  of  the  Apfides,  or  from 
tUej  is  fo  fmall  that  it  may  well  be 
In  this  place:  )  And  therefore  (  by 
^he  Law  of  the  Centripetal  Force 
the  Center,  of  the  Primary,  is,  tlxat 
I^Qcally  proportional  to  the  Square  of 
e  from  the  Center:  For  by  this  Force 
Body  drawn  off  from  a  Redilineal 
a  Tangent,  arifing  from  iis  ^j /(wyZ/ii, 
n  an  Elliptic  Orbit.     But  thefe  two 
te  one  equable  in  the  Taiigent,  the 
Ip-  other 

m. 
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other  tending  towards  rhc  Cencorof  the  Prima- 

ly,  and  increafingas  the  Square  of  the  diftanco 
of  the  Satellite  from  ic  lelFens,^  being  com*, 
pounded,  make  the  Secondary  Planet  to  defcribe 
an  Elliptic  Orbit  like  a  Proje<5liIe. 


Section   VII. 

The  Planets  and  Comets  arc  kept  in  their 
Orbits  by  Gravity,  which  is  propagated 
thro*  the  whole  Solar  SyReme  according 
to  the  fame  Law. 


Proposition  XLVl 

THE  Force  vjherrfy  the  Mom  tends  to  the  Center 
of  tht  Eartby  is  the  fame  vitb  the  Force  ^ 
Gravity y  -whereby  all  Bodies  about  the  Earth  tend  t^, 
the  fame  Ctntrr. 

Let  R  A£  [Fig.  4^.]  reprefent  the  Earth,  T 
its  Center,  FL  tht  Oibit  of  the  Moon^  LC,  a 

Srt  of  ic  run  by  the  Moon  in  the  fpace  of  a 
inuce.  Bccaufe  (by  Frcp.  t^.)  the  Moon  fi- 
Dtfhej  Its  Courfe  or  whole  Circle  in  17  days, 
7  hours,  4)  minutes;  that  is,  ^9)4)  minutei 
of  Time;  therefore  LC  is  rrirr  of  the  wholo 
periphery,  or  ^;  Seconds  of  a  degree.  No«r 
the  Circumference  of  the  Earch  (according  to 
chelate  menfuration  of  Mr.  Ficart)  is  xi; 249600 
Faris  Feet ;  confcquently  itsSemidtamecer  7!W  is 
19615800  Feet;  wherefore I'L the Semidiameter 
ot  the  Moon s  Orbit  is  1176948000  Feet;  or 
iixty  times  TJ,  (by  Prop,  ry.)  And  the  verfed 
Sine  L  D  of  the  Arc  LC,  of  ^  5",  and  S  C, 
which  is  equal  ro  it,  isif-«_Fect,  nearly.  The 
Force  therefore,  whereby  the  Moon  tends  to* 
ward  the  Center  of  tlie  Earth  (as  by  which  it  15 

drawn 
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its P'^^^-"?3l Motion  along  tho 
and  r  m  itsOfbir,)  iiiuchj 

Is  the  Muon  towards  the  Center 
bout   I  j-'f  P^yis  Fficc  in  a  Minurc, 
tiing  Prop,  this  Force  in  the  Moori 

a»  the    Square  of    the   dillanc 
nr.^r  o\   thc  liarch  is  JciJcn'd  ;    i 
:  to  che  Surf  Kc  of  the  Eari 
k  t  th«  difldnce  from  the  Ceni 

tf x6o  time*,  i;  will  be  incrta* 

kinies,  and  rhcrcfoie  'twould  impel 
Raced  on  the  Surface  of  the  Earth, 
I  ]  Feet,  towards  che  Center  in  a 
But  Gravity  i$that  Force,  which 
tody  placet!        ^  ^  <h<3 

:ncth  cf  T^  .  tha 

i  r:cond  ot  time,  as 

iiia>  yt;[gtiiiu;c:d  bv  vcry  accuratc 
in  Pwp.  2;,   fdj't  4.  of  hii  H6- 
hereforc  the  fomc  I'orJC  of  Gra-i 
"  —*'■  '^   "  ••- -    • '■'  :4Body 

f  .;;   he- 

lices run  by  a  hcuvy  BoUy,  in  its 
[die  Squares  of  the  Times.  Since . 
[Force,  whereby  the  Moon  is  kept 
fej  and  the  Force  of  Gravity,  per- 
'and  equal  things,  and  would  pro- 
'  fimc  Effedi,  in  the  fame  Circum- 
Cnd  toward  the  fame  point,  (name- 
:r  r.r  rlie  Earth,)  they  arc  the  fame 
Force  whereby  the  Moon  is 
&ni  IS  Kedilineal  Motion,  and  kept 
IS  tlie  fame  Force  widi  that  we  call 
bich  was  to  be  demonilraced. 
of  the  Moon,  a  little  greater  than 
the  Semidiameter  of  the  liaxth, 
f  preceding  Calculation  better,  as 
number  Hkcwife  i*:  more  agreeable 
H  CO 
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to  Aftronomical  accounts :  Though  we  have 
thought  it  fufficienc  cc^ve  the  mealure  in  round 
Nurnbers. 

SCHOLIUM. 

After  the  fame  manner  as  the  Moon Icvolvlss 
about  the  Earth,  any  other  heavy  Body  proje-' 
<^ed  with  a  Force  ftrong  enough,  from  a  given 
Point  without  the  Surface  of  the  Earthy  accor- 
ding to  the  divcAion  of  an  Horizontal  Right 
Kne,  would  defcribe  an  Orbit,  and  complcat  a 
revolution,  likeaPhnet,  withouc  Touching  the 
Earthy   and  that  continua|l\  the  Circle 

ABCD  [/75:.44.]reprcfcncthui-a:rnj  TitsCei^^ 
ecr*    Take'any  Point  without  the  Siirfuce  of  the' 
Earth,  as  G,  from  which,  let  any  heavy  Bod^^ 
be  projed:ed  according  to  the  direction  of  rfle 
Line  GH,  perpendicular  to  the  Line  TG.    'TiS 
evident,  that  if  the  Body  be  projeded  with  lit- 
de  or  no  Force,  (that  is,  if  it  be  let  fall  freely)^ 
it  will  fall  down  to  the  Point  A^  diredtly  under 
G;  but  if  with  fomc  Force,   it  will  reach  the. 
Earth  at  the  Point  By  diftant  from  Ay  towardi 
Hy  if  with  a  greater,  the  Body  projeded  wil" 
meet  the  Earth  at  C,  beyond  B.    If  the  projeftih 
Force  be  increaCed,  fo  as  that  the  Body  does  nol 
reach  the  Earth,  till  it  has  got  beyond  the  Poini 
F,  oppoiite  to  the  Point  A,  then  afcending  a- 
gain  towards  G,    it  will  complcat  ilic  Ellipl 
OKMF;  and,  if  not  hindered,  will  pcrpei 
ally  defcribe  it,  and  fo  become  a  Planet, 
the  Projetaile  ia  the  Point  M  of  its  Way,  o[ 
pofite  to  G,  be  lefs  diftant  from  the  Earth,  thai 
atG;  then  the  Center  of  the  Earth,  T,  islhj 
Focus  of  the  Ellipfc,  more  remote  from  G. 
the  projetftile  Force  increafcd  ftill,  till  the  Potnl 
A/ and  G  arc  equally  diftant  from  T,  the  P:ith  o| 
Orbit  vv'itl  be  a  Circle ;  and,  ftlll  augmcniini 
Htc  projcdilc  Force,  (all  other  things  continu- 
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!,  )  it  will  ^'•r.^fr.*-  '>nEllipfc,  io 
le  Focas  ri  G,  and  ih« 

Avill  be  rcn  in  r,  proporrJ- 

icntof  ::..  ^;..>;:Ailc  Force, li!! 
into  aParabolff,  and  chenm* 
t9.     Tht  n«m''  will  happen 

xpcndiculai ,  cxccnrln^ 

a  will  noe  be  the  p; 
►rbit.     The  higher  t'  :  t* 

:3r-h.  the  Ids  Fntcc  r  i  to 

net;  and  the  fowef 


it  had 


For  chc  Arc 

'  "-  ■  ^  miles, 

in  fdl- 


kocc   of    K  i 

!^  ■"  — ":  in  I'j  , 

»c  ao  X  :  i5» 

[before  it  could  be  projcdcd  co 

If  miles.    But  tf,  the  ai^ion 

luing  tlv  f*j'"^    'H'-l  the  Earrh 

ihted,  ;  j5  (like  the 

5  other 

.._    - ,.. :-^   would 

iclv  now  i$  theCcnccr  of  the 
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''  "^  '^ttr  gnrvitate  to- 
t  fSasntn  torwarth 

wfi'^&f  Trimarj  cni  StconJ-try  Vlsnift 
\trtl^  f Ac  Sun  ;  end  all  of  than  Mft 
om  their  RtBilintal  Motions j  and  hp 
by  the  Force  />/  their  Gravity, 
of  that  Simplicicy  of  Nature  which 
Hz  is 
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is  obfervablfl  in  all  her  Works,    more  Caufes 
ought  not  to  be  admitted,  than  are  fufficicnt  co 
explain  the  Phsnomenu  of  Natural  things  5  and  . 
the  natural  Effetfts  of  the  fame  kind  are  to  be 
looked  upon  as  having  the  fame  Caufes  :  Since 
therefore  the  revolution  of  the  Medicean  Scars 
about  Jupiter,  and  Saturn  s  Attendants  about  Sa- 
turn, and  of  the  Primary  Planets  about  the  Sun, 
are  Phxnomena  of  the  fame  kind  with  the  re-, 
volution  of  the  Moon  about  the  liarth  ;  their 
Caufes  will  be  the  fame.  For  the  Forces  where- 
by the  Secondaries  of  Jupiter  and  Saturn^  and 
the  Primary  Planets,    are  drawn  off  from  their 
Rcdilineal  Motions,  and  kept  in  their  Orbits, 
refpeft  the  Centers  of  Jupiter,    Saturn,   and 
the  Sun,  refpei^ively,  after  the  lame  manner,  um 
the  Force,  whereby  the  Moon  is  kept  in  its  Or- 
bit, refpeds  the  Center  of  die  £arth^  and  tho 
Forces  whereby  they  arc  urgcd^  increafc 
decreafe  by  the  fame  Law^  according  to  ch 
difi^rent  Diitances  from  the  Centers  of  Jupii 
Saturn,  and  the  Sun,  refpcdivcly,  as  the  Force 
SL&\ng  upon  the  Moon,  placed  in  various  Di- 
ftances  from  the  Center  of  the  Earthj  as  has 
Icen  demonftrated  before  at  large.      Confc 
quently,  fmce  this  Force  in  the  Moon  has  becu 
ftewn  (in  Fm.  preccd.)  co  be  the  fame  with  ch 
Force,    whicn  we  call  Gravity;    that  rorcCj 
whereby  the  abovemention'd  Planets,  botli  Pri- 
mary and  Secondary,  tend  refpeiftively  cowardi 
the  Sun,  and  their  Primary  Planets,  muft  be  ch 
fame  with  the  Force  of  Gravity.    Befides,  all  th 
Secondaries  gravitate  alfo  towards  the  Sun,  an 
their  Gravity  towards  the  Sun,  is  the  accclerativ 
Force  that  is  common  to  each  Secondary  an 
its  Primary ;  concerning  which,    fee  Prop,  ac 
tnd  47.    VVhlch  was  co  be  demonftrated. 
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COROLIART 

evident,  chut  rhere  h  fuch  a  thing 

»wards  the  Sun  and  all  the  Primary 

Uiice  cheMoon  and  all  Terrcftriil 

tte  cowards  cheEaxch,  and  cheSa- 

and  Saturn,  cowards  Jupiter: 

[('^ivrK'j   and  (incc  the  three 

Mercury,  Venus  and 

^s  01  tnc  fame  kind  with  Saturn, 

cEnrth.  (which  alfo  is  evident 

rdstbe  Sun,  before  de- 

ascertain,  from  rhc  fimilitudeof 

*fflcc  natural  Effu\s  before  laid 

■I,  that  there  \s  a  Gravit)*  aU 

icni,  whofc  accclerative  Force  is 

proportional  to  the  Square  of  the 

the  Center.     And  bccaufc  to  any 

re  is  a  Re-adion,  equal  and 

t  .:);cwife  muft  gravitate  co- 

!  Fiances,  both  Primary  and  Secon- 
'^^  -ufc  it  is  certain,  from  Ex- 
y  made,   that  all  kinds  of 
!  ;  Dillancc,    and   in  equal 

v.^..^.    paces  in  their  Falls  cowards 

(d  that  the  quantity  of  Motion  of 
eSj  eqtftilly  accelerated,  15  as  thij 
Watter.  All  Rodicf,  of  what  Na- 
in  equal  Diilances,  gravitate  co- 
■^ proportionally  to  their  quan- 
^K  And  iince  no  doubt  but  the 
Hj^  cowards  the  Sun  and  Planets, 
Hnwards  the  Eurth,  (which  is  fuf- 
itcft  from  wh;K  has  been  already 
rom  hence,  that  the  Primary  Pla- 
SacelHte*,  that  is.  Bodies  very  un- 
,d  coward  the  Sun  with  an  equal 
^rce,  juft  as  Bodies  unequal  in 
id  Dcnfity  fall  with  equal  Ccl^ri- 
H  }  lies 
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ties  towards  the  Earth  ;  )  'tis  evident  that  all  Bo- 
dies gravitate  towards  che  Sun,  and  each  of  the 
Planets;  and  their  Gravities  cowaids  any  one, 
at  equal  Diftances  from  its  Center,  are  prc*or- 
tional  to  the  quantities  of  Matrer  in  each.  And 
bccaufe  all  AAion  is  mutual,  rhc  Sun  and  Ma- 
Bcts  gravitate  according  to  the  fame  Law  towards 
ali  Bodies,  and  confcqucntly  all  Bodies  towards 
one  another. 


PHOTOSITION   Xl.VUI. 


THE  Force  er  Effcs^y  of  anj  Virtue  frotagate 
fi'om  a  CenSfTy  vr  to  a  Centtfy  m   Righ   llnti 
trvtty  way  round  abnttt^  in  Jifferent  fUceiy  h  rtchro^ 
fw///  proftort tonsil  U  the  Square  nftht  Diftence  of  $be 
flace  from  the  Cefir*r, 

Let  5,  [Fig^.45'.]  be  the  Center,  from  which^ 
or  to  which,  che  Virtue  is  propagated,  i, 
defcribe  two  Spherical  Surfaces  TE,  A.  ,.y  ^i 
any  diftances,  ST,  SM,  I  fay  the  Force  or 
Efficacy  of  the  Virtue  in  7*,  is  to  che  Force  of 
{lie  fame  in  M,  as  5  /W^,  to  5  T^. 

The  fame  Virtue  equally  diiFufed  and  fpread 
thro' a  double  Space,  will  he  twice  as  little  in 
any  given  part:  And  if  ft  be  diffufed  thro'  z 
triple  Space,  at  will  be  three  tiihes  as  little; 
And,  univerially,  the  Efiicncy  of  che  V' 
reciprocally  as  the  Space  into  which  ii 
iuihd  ;  becaufe  Vis  dircAly  as  the  conftipatioa 
of  the  Virtue.     But  any  Virtue,  which  in  the 
drftance  ST  from  the  Center,    h  equally  difTu 
fed  thro*  the  Spheric'^l  Surf;:  in  the  di 

rtance  SA/,  isdiflflifed  thro  tnc  :>p[iencal  Sur* 
face  AIjI,  after  the  like  manner.  The  Etficacy 
therefore  of  that  Virtue,  in  the  diftance  ST, 
is  CO  the  Etficacy  of  the  ftme  in  thediftanc© 
6'  M,  as  tha  Spherical  Superficies  MJj  is  to  the 

Sphc- 
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superficies  TE;    that  it,    as  SM^ 
Bvas  to  be  dcmonftratcd. 
I  kind  arc  the  Vimici  or  EfTcd^  of 
pit,  &c.  «nd  alio  of  Graritj',    ;»  }s 
r  ^cady  dcrnonftra- 

Lj.....^   -....w.  ...vw^.,  as  r*'^''^* 'T  the 
[and  Amber,  arc  of  aric :  .1. 

t 

u -■ V. 

E  be  any  two  Bodies  //and  Ji  [  ] 

s  vf  ami  n ;  they  (by  C<  r?/.  ) 

te  towards  one  aiiotlicr:   A .c 
:i  is  equal  and  contrary  to  the  Aftinn, 
"  or  XT          '              *"  the  Body  A 
is  err                             ly   or  ybsSrt 
Is  y^.    Bur  The  Motive  Force 
1  iixc  Quantity  of  Matter  or  Mafi 
jhe  Accclerutivc  Force,  juft  ;i5  the 
►tion  from  the  Quantity  of  Mar- 

.u,    r   -'    r-'"-    '-<-■'  ^ •■■■  of 


PRoroaiTioN  XI.TX. 

»  are  4s  rbe  BcdUs 


ttivc  Force  towards  ^,  is  equal  to 

Bod}'  ^  df  '  "  ''^.:o  its  Accele- 

•anJs  A.    <-  incly  the  Ac- 

of  die  Body  ji  towards  B,  is 

tr,-  TV."---  rS  r?  c  Body  B  to- 

ly  B,  to  the 

le  BoJy  A:  Uut  jhe  Forces  Ctrearcd 

'C  the  GravitieSt  and  the  Maffes  of 

are  the  Quantities  of  Matter  or  the 

Telves :  And  tliei  efore  rhfi  Accelera- 

y  of  the  Body  A  towards  5,  u  to 

trative  Gravity  ^f    tbe  Body  B   to- 

the  Body  /<,  ro  rhe  Body  A,    But 

;en  demonllraced  above  J  all 

FI  4  Codies 
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Bodies  placed  in  an  equal  diftance  from  the 
Body  By  with  that  of  the  Body  J^  have  an  ao- 
cclexative  Gravity  towards  B,  equal  to  that  of 
A  i  and  all  Bodies  placed  in  a  diftance  from  the 
Body  /^,  equal  to  that  of  B,  have  an  Accelcra- 
tivc  Gravity  towards  J^  equal  to  that  of  B;  and 
the  diftance  of  the  Body  A  from  the  Body  5,  is 
equal  CO  the  diftance  of  the  Body  B  from  the 
Body  A^  and  the  Diftances  and  Bodies  are  taken 
^t  pleafure.  Therefore  the  Accelerative  Gra^ 
vities  towards  different  Bodies,  in  equal  di- 
ftanceSj  are  as  the  Bodies  ehemfelves.  Which 
was  to  be  demonftrated. 

COROLLARY 
From  hence  it  follows,  chac  if  Gravity  be 
confidcr'd  hs  the  Attraifiiv^  Force  of  the  Body 
towards  which  ic  is  directed,  propagated  as  in 
the  preceding  Propofition  ;  the  Abfolatc  Forces 
of  the  attrading  Bodies  are  as  the  Bodies  to  which 
they  belong.  For  the  Abfolute  atcradive  Force 
of  the  Body  A,  is  to  the  Abfoluce  attra^fhva 
Force  of  the  Body  B,  as  the  Accclerative  at- 
tradion  of  all  Bodies  towards  Ay  is  to  the  Ao 
ceierarive  attiadion  of  all  Bodies  towards  B^ 
in  equal  diftances.  Bur,  in  equal  diftances^ 
the  Accclerative  attraftion  of  all  Bodies  is 
the  fame  with  the  Accelerativc  attraftion  of 
any  Body,  and  thefe  Accelerative  attratStions, 
by  this  Propofition,  are  as  the  Bodies  toward 
which  they  tend;  that  i?,  as  the  *^  "'ng 
Bodies  rhemlelves;  And  therefore,  ^v.  ^._,  die 
Abfojoce  Forces  of  Artrading  Bodies  are  as 
the  Bodies  theuifelves,  to  wl^ich  they  be- 
long. And  hence  again,  and  trc>m  what  goes 
before,  (by  Prcf,  2^.  EL  6.)  we  may  conclude 
tliat  the  Accelerative  Force  of  the  Body  Ay 
gravitating  towards  /?,  is  to  the  Accclerative 
fpr^e  of  the  iJody  c,   gravitating  cowards  JR. 

Hi 
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JHnpoaQded  of  che  n6o  of  the  Dodf 
iiy  D,  and  of  the  dapHcarc  ratio  of 
^  between  C  and  D  to  the  diftance 
und  M:  And  that  che  ratio  of  the 
the  Body  ji  to  the  weight  of  the 
romrviunded  of  the  aborcmcnrion'd 
^  j3:etlicr  wich  the  ritio  of  che 

tr*c  uody  c. 


Section  VIII. 
Dtion  of  Bodies  attrading  one 
and  the  AffcAions  ^  which  are 
d  ro  the  Syftern  of  the  Son  and 
'Janets. 

and  about  she  e^mmm  Cemrr  ^ 

19.  and  the  following  ones^  we  hare 

fc  Mjocion>  of  Bodies  attracted  to  an 

Center ;  for  \t  i$  moft  proper  to 

;he  mud  iicnpic  C^ifes.    Bui  becaufe 

in$  are  made  to  Bodies,  and  Bodies, 

lochcr  i  a^  has  been  before  demon-' 

len  a  Body  rcrolrcs  about  another^ 

Body  ir  ielf  can*t  be  at  reft  ;  bac, 

ided  upon  by  a  mutual  Atcradionj 

It  the  common  Center  of  Gra^ 

ire  were  moie  Bodies  that  ma- 

td  one  another,   they  would  fo 

iR  themfclves,    that   the  common 

rravicy  might  be  either  at  reft,  or 

dired  Motion.      For  ic  is  well 

iGeonietrictans,    that  the  common 

not  change  its  ftatc  of 

MotioA 
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Motion  or  Reft,  by  reafon  rhe  adion  of  Bodies 
tipon  one  another ;  as  has  been  demonfiracod 
by  Mr.  I'Vrw  <md  Mr.  Hugens. 

Method  therefore  requires  jjs  to  confider  the 
Motions  of  Bodies^  as  vi'as  (aid3  actrading  one 
another^  namelyj  the  Orbits  chey  dcfcribe, 
and  the  other  generals,  wherein  a  Syftem  of 
Bodies  ading  upon  one  another  mutually  dif- 
fers from  the  Syftem  fuppofcd  above  ,•  and  that 
in  the  firft  place  univerfally^  whatever  the  Law 
of  mutual  Attraftion  be. 
^'  Let  5  and  P  \_Fig.  47/J  be  the  two  attradlng 
Bodies,  which,  revolving  mutually  about  one 
another,  defcribe  the  Cufve>  Sf*  ^  h  while 
their  Center  of  Gravity  C,  is  either  at  reft,  or 
(which  does  not  difturb  the  Demonftration,) 
moves  uniformly  in  a  Right  line;  1  fay  that  the 
four  Figures,  namely,  S/C,  P^C,  that  which  5 
delcribes about  P,  confider'd  as  immovable,  and 
that  which  P  defcribes  about  5,  confider  d  after 
the  fame  manner,  are  lirailar, 

BecaufeSandPconrinuinj^thefam  *  r*--  rnio 
of  CP  to  CSy  during  the  Motion,  w.  .  ifc 

continue  the  fame ;  becaafe,  from  the  nature 
of  the  Center  of  Gr—'---  }x  is  the  f'^-  ^ith 
the  refped  to  the  Bo  J  Pt  Ar  the 

Angles  PC^,  SC(\  are  l 
caufe  C  is  m  the  Right  h..^  ^^.... 
dies,)   the  Figures  S/'C,  TfC  •  ix. 

Vox  the  figures  FpC^  SfC^  ch 

thcRigh:  linepC/,  defcribe  '^ 

Motion  about  the  Point  C,  c 
piovided  every  inomcnrj  rh^ 
be  the  fame  wi:h  that  ol  c  f 

Again,  becaufe  the  ratio  1  md  Cf\ 

is  always  given,  by  compounuu 
ffioCf  is  Hkcwife  given,  ana 
continues  a  Right  one;  And  tberefoi .  lat 

h 
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M>rt\«RifT^UncCfabow  thcTolnt 
p  about  the  Pdint  /,  oon- 

■    ILK,  ut-icribc  *■■"*' ^''  ' '""rc$,      B<I- 

:»  wberco!  ■  .  .hcd  by  # 

rred  as  at  tcR,  civcorhcr  defcribca 

inlldcroi  hkcwtfc  as  ac  rtft,  ure 

J,  (flfi  b  demcmfl rated  in  Opdcs,) 

'  irilc  in  MHgniru  Prfi- 

V.  iicrefore  the  tout  i  i^^w^w^  pro* 

jinniiar.     «.  E.  i?. 

PlQPOSITXON    U, 

^Jiei  S  tfjvj  P  MitTAS  cnt  ^warier  tf  any 
tuJ  in  tbi  jr  z'vive  ahtt  to% 

€f  Grt^-  ,  ,  tbas  s  Fi£«r» 

tiy  by  tbt  /vTJwr  Fmrrs  ^ioitf  dfi^f  tf 
^f%^   ''  ■?,   fimiLw  *mS  tqttjd  td 

vl.  ft  movtd  JtfcriPt  »ibmt 


lUt  chc   Pdoc  ( 


.._  .\  ^  I 


"'   TObC 

and 

ny  pii3cc&ac  ptcafure^  co  wfaiLh 
-imc-  Jjct 
c  parallel 
hS,  and 
I  -g  pointj 
nr,    that 

'C 

L     lw4i,        "ill 


.III     I  1 1  ^./  V  ^'  1 


ties  «u  S,  the  ocht  I 

j-tbus  moved  parji.v. 

linC^^  in  the  Curve  F*,  which 

:<bout  chc  pcnnc  S,  if 

.-vf;!'  (-  -ihi->ut  ic,  he- 

!<odtcsdid 

|^;illy  aiua^t  c^c\\  uUicr;  1  ur  the  pa- 

"  m  of  rl-.e  Right  line  /*/',   mai^s  no 

t  .s,  with  which  the  Bodies 

ocner.    Uut  the  fame  P«is  rhe  Line 

lidcrcd  as  acrcfti 

Tor 
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For  thus  it  really  continues  at  reft;  and  the 
length  and  inclination  of  the  Right  line  S^  to 
SPy  is  the  fame  of  that  with  f  p.  Since  there- 
fore  thefe  Figures  are  congruous,  they  are  equal 
and  fimilan  And  what  has  been  demonftrsucd 
concerning  the  Figure,  which  P  defcribes  abont 
5,  is  true  of  the  Figure,  that  S  defcribes  about 
P,  looked  upon  as  at  reft,  namely,  that  it  h 
equal  and  fimilar.  But  if  the  Center  of  Gravity 
C  go  forward  uniformly,  by  fuperinducing  ujv 
on  the  Syfceme  ot  the  Bodies  S  and  P,,an  equal 
and  contrary  Motion,  all  things  will  be  reduced 
to  the  former  Cafe  :  But  there  is  no  change 
made  by  this  uniform  Motion  along  parallel 
Right  lines,  in  the  Forces  of  the  Bodies  S  and  P> 
Therefore  the  Proportion  is  certain  in  both 
Cafes.  Which  was  co  be  demonftratcd. 
COROLL^RTj. 

Two  Bodies  mutually  attrading  one  another, 
by  any  Forces,  and  revolving  about  tlie  Center 
of  Gravity,  defcribe,  by  Radii  drawn  to  that 
Center  and  to  one  another,  Areas  that  are  pro- 
portional to  the  Times. 

COROLLARTi 

Becaufe  a  Body  revolring  about  another  in^ 
movable  one,  and  attra<5t€d  to  it  by  a  Force  re-' 
ciprocally  proportional  to  the  Square  of  the  Di- 
ftance,  would  defcribe  (by  Fr9p,  }9.)  anEllipfe, 
or  fome  other  Conic  Se^ion,    one  of  whofe 
Foci  coincides  with  the  Center  of  r 
is  at  reft;  itfoUows,  from  this  Proi...*.ic..,  *..*. 
two  Bodies  attra&ing  one  another,  by  Forces 
reciprocally  proportional  to  the  Stjuare  of  the 
Diflance,   defcribe,    both  about  the  common 
Center  of  Gravity,   and   about  one  JUiother^ 
Conic  Sedions,  having  their  Foci  i 
about  which   they  are  defcrihcd. 
guentlvj  if  fuch  Figures  are  defcribed^  the  Ccn- 

tripccj  ■ 
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is  are  reciprocally  proportional  to 
'of  the  Didancc. 

PRarosiTiON  LU. 
)dUf  attraBmg  ane  an&tbtr  by  mtj  Fgnu 
r,    tnuinely  revolve  Mknt  tmi  tutcthrr^ 
iHlt  h  tbt  fame,  as  if  they  JiJ  net  #f- 
^itr,   hut  ksib  wert  attrsUeJ  with  tie 
a-  xhhi  fioJy  fUcid  in  tin  ttimn»n 
\'vifj.     And  tht  Lav/  if  the  atsrs8$'vt 
I  //:<•,   in  TtfftH  to  tht    Jlfianci  cf 

k/«    '^  »  ccrmnon  Center ^  end  in  rtfftR  t$ 
'^mce hetvien  the  fipJtes, 
^orc  cby  the  Body  P  [^4"^.] 

^art .^J  to  any  point  wfutevcr, 

Hne  ?S  produced  roward5  S.    And 

icr,  the  Forces  of  the  Boci- 

any  foinc  whatever,  of  li.-  .....,: 

kcd  towards  P.     But  C  is  the  only 

le  Riphr  line   5P,    produced  both 

ontinucx  qr  reft,  in  every  liruation 

\x  re  C  K  that  point,  to 

isouscL  j-  uic  i  tend,  with  the  fame 

the\'  ^!ftr:':(*t  one  another. 

I  Bodies  that  revolve  are 

k  utL-  r-diw  of  the  diflance  of  eiti 

Ifes  from  the  common  Center,  to  ihoj 

le  Body  from  the  other.  An< 

iy  ca^  ratio  of  nny  Power  of  th< 

the  one,  to  the  like  Power  of  tl 

the  other,  is  given  ;  as  alfo  the  ra- 

^aantity,  which  is  any  way  com- 

one  diitance  and  any  given  Quan- 

ilother  Quantity,  which  is  in  the  like 

ripounded  of  the  other  diitance  and 
en  Quantities,  hftving  that  given  ra- 
iNflances  to  the  former.  Wherefore, 
ee,  whereby  one  Body  is  attraded  by 

the 


*'  *--^ 
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the  other  be  diredly  or  inverflyas  the  diftance  of 
the  Bodies  from  one  anochcr,  or  as  aoy  Power 
of  tliis  diftance  ;  or  laftly,  as  any  Quantity  com- 
pounded any  how  of  this  diftanc^  a^nd  the  Quan- 
tities given  ;  this  fame  ForcCj  whereby  the  fume 
Body  is  atcradied  to  the  common  Center  of 
Graviry,  will  be  in  like  manner  dirci>Iy  or  re- 
ciprocally as  the  diftance  of  the  attrarlcd  Body 
from  tliac  common  Center,  or  as  the  Jjme  Pow- 
er of  that  diftance,  or  laftly,  as  a  <  conl- 
pounded  after  the  lame  manner  oi  .in:  uiilance 
and  of  the  analogous  given  Quantities:  And 
therefore  there  will  be  the  fame  I  m* 
tradtive  Force  in  regard  of  the  dit;^i,w-  ..>...  .ae 
Center  of  Gravity,  as  there  is  in  regard  of  the 
diftanccs  of  the  fiodiee*  Which  was  to  be  do* 
monftrated. 


P  R  OPOS  IT  I  '  HI, 

TH  E  PmoJicTiweofu. .  ..,.;Sfi>tJP,  [  ^ 
49]  r^^uotving  about   Htc  cowmcw  Cmrer  of 
(rravity  C,  is  to  the  Ptriodic  JlnJi  ^  :  r  Bo/fj 

1*,  revolving  about:  rfje  other  immu.  .  ^  ':nt  Sj 
(attra^fftg  vjitb  thi  (ami  Farces^)  in  the  fubdf(J!lU^t^ 
ratio  fftbe  BodyS^  to  the  ^■"'  of  xAe  BoJhs  S 

tnfdP. 

Let  the  Body  p,  equal  a;  '  P,  be 

imagined  ro  defc-^'  ~    '  -  '^ 
at  reft,  and  fmuL 

C  P  D  Rjp  d  r,  (by  Prop,  p  ;  \  and 

the  Forces  whereby  the  Bot-iji.^  rtn?-  in  any 
Points  (  D  and  c^ )  ilmibrlv  poilred,  tend  roi- 
ward  the  Centers  C  and  jual  ;  btxaufe, 

(by  Prd>;.  yi,)  the   Force  uii..tl-ytbe   P    '-  ^^ 
tends  to  £  J  is  equal  ro  the  F<*>rce  when' 
Body^  tends  to   %    And,  by   the  n% 

PropoGtion,  the  Body  D  tends  to  cliv.  v.,  v.ich 
the  time  Force,  as  to  £.    And  therefore,  (  by 

CmL 


AsT&ONOMT.         HE 

,63  and  ScM.  Tnf,  ty.)  ihc  Sipiare 

Time  of  the  Body  P,  moving 

DR,  is  CO    chc  Square  of  the 

[c  of  the  Body  f^  in  the  Orbit 

~  ight  liiie  C  f  to  the  bomolof^oot 

thjc  is,  2sC  P  to  S  Pt  that  is, 

ire  of  a  Center  ot  Gravity.) as  the 

P.  Wherefore  the  Periodic  Time 

P  in  d.c  Orbit  P  /)  R,  (or  of  the 

»e  Orbit  5  K  L^  is  CO  die  Perio<Uc 

[y  p  in  the  O  '  *  "      'he 

io  nf  rhe  Boc       ,  .-o^" 

Which  MTiis  to  be. 


p 
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f  ^ 

'  ''      *■      ''"          ;■  »f»c:OiT  c'f 

^:    V 

:    S^ff.V"    "A* 

1 

1 

1 

.  ..J  ..-.-  ;?wf*>/  6 J  . 

> 

fcribed  about  the  n- 

itiiw 


5',  by  the  Body  p^  v-._  , 

Times  in  them  (by  Prof,  f  c, 

m  the  fubduplicatc  rAtio  of  fhc 

!pf?rcgarc  pf  the  Bodiei  ^  and  /'. 

lipfe  to  be  changed,  till  the 

he  Body  P  (defcribing  this 

ijicfceut  Body  Sj  houotne  c- 

c  Time  of  the  Body  P  tevol*. 

ijuiiy  S  ^  (as  we  fuppofc  in  thi*; 

th» Periodic  Time  in 

this 
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this  being  lefTen'd  may  be  in  thefaidfubduplicate 
ratio  of  the  Body  S,  to  che  fum  of  the  Bodies  S 
and  P.  But  becaufc  (by  ?rof,  40, )  in  the  prefenc 
cafe,  the  Squares  of  the  Periodic  Times  areas 
the  Cubes  of  the  TranlVerfe  Axes,  the  Periodic 
Times  theinfelves  will  be  in  the  fefquiplicatc 
ratio  of  the  faid  greater  Axes.  The  greater . 
Axes  therefore  of  the  latter  Ellipfe,  being  Icf- 
fen*d,  i^  in  a  ratio,  vvhofc  fclquiplicato  is  rhc 
fubduplicate  ratio  of  P  to  i:  +  P ;  ihat  isy  in 
the  fubtriplicate  ratio  of  S  to  5-f  P :  ( I-or  -J.  of 
^=i:J  and  confcquencly  is  to  the  unvaried 
Axe  Cequal  to  tliis  before  ic  was  leflTendj  of  che 
other  lillipfe,  defcribed  about  tlii  Body  S,  in 
ihe  fubtriplicate  ratio  of  5,  to  5  +  P-  Aod 
therefore  invcrlly,  the  greater  Axe  uf  the  tl- 
lipfe  defcribed  about  the  movable  Body  .S\  is  to 
the  greater  Axe  of  the  Ellipfe  defcribed  about 
the  quiefcent  Body  5,  in  the  fame  or  an  equaJ 
Time,  in  the  fubtriplicate  ratio  of  the  fum  of 
the  Bodies  5  +  P,  to  the  quiefcent  Body  S. 
Which  was  to  be  demonftrateJ. 


PROPOSITION    LV 
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THE  Law  of  Attra^kn  hctng  thtfame  as  hi 
forty  I  fajr  the  Orhit  P  R,  (Fig.^  f  o.  j  of  tka 
Body  P,  comts  nearer  to  an  EBiffey  'u/hofe  Focus  is  C, 
the  common  Center  of  Gravity  of  the  Bodits  S  and  M,  • 
than  to  0n  Ellipfe,  vhofe  Feats  is  the  Cenur  cfit  S^ 
end  thai  tbt  Areas  defer tbed  ky  ICidii  drawn  to  C^ 
are  more  praporrional  to  the  Times,  '  '>-  Argas  dr- 
fcrihedby  Radii  draw?i  to  theCc^i  ,,  S. 

For  che  attradions  of  the  Body  P  toward  S 
and  A/,  compofe  its  ahfolure  Gravity,  which  is 
dirc<aed  more  towards  C.  the  common  Center 
of  their  Gravity,  than  cowards  the  greater  Bo- 
dy it  fclf  5,  and  which  is  more  nearly  rcdpro- 
cally  proportional  to  (he  fquarc  of  the  diftance 

FC, 


b/  A  S  TR  O  N  o  M  y.      it^ 

CD  the  fquarc  of  the  diftancc  P  S : 
ft  would  then  hold  prccifely,  when 
nothing;  and  the  ft  me  thing  would 
I/,  if  It  fhould  increafe  till  ir  ini- 
^d  S.  'Tis  certain  therefore,  that 
jri  the  prefcnc  Gate,  arc  directed  ro 
flying  becwiKt  S  and  Af^  and  nearer 
jbf  them,  as  is  thi  common  Ccn- 
fr  Gravity  C  ;  which  :ilfo  is  tliat 
s  the  Natural  Foiccs  of  any  kind 
todies  placed  round  about  it,  arc 
I  concentered:  for  the  ag«»rcgicc 
ieavy  Bodies  is  moft  juftly  lookcJ 
licrc,  where  the  common  Center  of 
jris;  as  it  is  well  known  by  Philo- 
hat  therefore  was  propofcd  is  cvi- 
rtain.     Which  wus  to  be  demonftra- 


t'ROPOStTtON    LVf. 

Se  fame  Laws  cf  tht-AttracitonJ fry  tl-e 
Body  P  dtjcribes  Areas  wore  ricdrJy  pW" 
{["imesyahout  the  common  Center  tfOri" 
e  internal  Bodies  S  and  M,  by  Radii 
Center^  and  an  Orbit  coming  up  netiycr 
an  ESfpfeyb.iving  a  Fonts  in  thjt  CVw- 
*  internal  end  higgefi  Rcdy  S  le  agit.j- 
tt-ntJionSy  juft  as  the  others  are^  thm 
uld  be  at  rt'fij  not  being  attracted  at 
more  or  much  Itjs  attraclsd,  or  n:Hcb 
hfs  agitated. 

f.  preccd.  it  is  evident,  that  ths 
ich  the  external  Body  P  is  urged. 
Center  of  Gravity  ot  the  internal 
M  If  that  Center  coincided  wii^i 
Center,  and  the  common  Center 
the  three  Bodies  5,  M,  and  P, 
P  on  one  fide,  and  the  common 
I  Center 


m 
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Center  of  5  and  M  on  the  other,  would  de- 
fcribe  accurate  Ellipfes  about  the  common 
Center  of  all  three,  being  at  reftj  and  as  it 
were  the  common  Focus,  by  CoroL  2,  Prop,  ji- 
And  therefore  die  perturbation  of  the  faid  Mo- 
dons  (in  the  Ellipfes j  will  be  very  fmall,  when 
the  common  Center  of  Gravity  ot  three  Bodies, 
5,  My  and  r,  is  at  reft :  And  it  is  ac  reft,  if  the 
Body  5  be  agitaccd  after  the  fame  manner  as 
the  others  are ;  as  was  faid  before.  And  ther^ 
fore  the  perturbation  will  be  the  leaft,  when  S 
is  attraclcd  by  the  fame  Law  as  the  others  are. 
Which  was  to  be  demonftrated. 

COROLLART 
After  the  fame  manner,  if  more  lelTer  Bodice 
revolve  about  the  greatcft,  it  may  be  inferred, 
that  rhc  Orbits  deJcribed  come  nearer  to  Ellip- 
ks,  and  the  defcripiion  of  the  Areas  more  e 
quable,  if  all  the  Bodies  mutually  acrracl  one 
another  with  accelerative  Forces,  which  are  as 
their  Maffes  diredtly  and  the  Squares  of  their 
diftances  inverfely,  (for  this  is  to  be  agitated, 
juft  as  the  others  are,  fuppoilng  the  Law  of  th& 
attra^ions  to  be  the  fame  with  that  in  the  Pro- 
pofition;)  and  the  Focus  of  each  Orbit  be  placed 
in  the  common  Center  of  Gravicy  of  all  rhe  in* 
ternal  BodieSj  than  if  the  greateit  Body  were  af 
reft,  and  made  rhe  common  Focus  of  all  ^c 
Orbits. 

Proposition  LVIL 

SE'Vtral  Bodies^  whofe  yiccdettitive  Forces  arc  ft 
me  another  reciprocally  as  the  Squares  of  fb 
^IJtavces  from  their  Centers,  may  he  mtrved  in  EUif 
fes  aboHt  a  great  ote^  tmd  dejcrihe  Areas  neti 
fy  proportional  to  the  Timetf  hj  Kailii  dr^nvn  t 
that  Bodj, 
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'cral  leflTer  Bodies  P,;, »,  C^I'I''] 
ed  to  revolve  about  a  grta:  Body,  at 
•ecaufc  the  common  C^nrcr  of  Gravi- 
n  all  does  not  change  ki  ftaic  of  Mo- 
sit,  bv  the  murual  anions  of  the  Bo- 
■  ■     '     '    ■  ''  ■"     ■) 


PT 


or  impediment;  that  Center  nmy 

fnow  wcfuppofc  V  '  ""  r  Bodies 
►c  fo  little  in  conii  >  ro  the 
f,  as  that  ir  is  never  lenfthly  didanc 

common  Center  cf  Gravity,  then 

ic  S  will  be  Hkcwife  very  nearly 
^thc  leflTer  Bodies  will  revolve  itbouc 
in  Ellipfes,  having   :'  ^  ^odr 

ion  Focus ;  and  the,  will 

las,  by  Radii  drawn  to  it,  proportt- 

TUncsj  baring  the  Errors  arifing 
:he  digrelTion  of  the  gre^uell  Body 

nmon  Center  of  Graviry,  or  from 
ittradions  of  the  leiT-  >'  '-cs  upoa 
But  thefc  leflTer  :nay  be 

lat  digreflion  or  thotc  mutual  at- 

lefs  than  any  given  ones.  And 
'era]  Bodies  may  move  about  a 
h  Eliipfes,  and  by  Radii  drawn  to 
kefcribe  Areas  pioporcional  to  the 
B  that  the  Errors  committed  (or 
\  them  from  being  e\ad)  m^y  be 
)f  affignable  ;  that  is,  indefinicely 
p  was  to  be  demonftrated. 

PlOPOSITION   LVIIL 

'l 

inalacfion  of  the  Sun  and  tiny  pufn^rf^ 
the  Planet  defcribc  an  'E-Ulpjcy  o^'Ix^fi- 
mmon  Center  of  Qraiiltj  of  the  Sun  and 
f*  But  hj  the  i^Elion  of  the  friwary 
*f  GTJOtber^  the  Orbit  of  each  h  nearly 
I  2  an 
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an  ESipfty  whofe  Focus  is  the  common  Center  ofGra-^ 
n/irj  of  the  Sun^  end  all  the  hftrior  Planets, 

If  the  primary  Pliinets  gravitated  towards  the 
Sun,  and  nor  the  Sun  towards  the  Planets,  each 
primary  Planet  would  dcfcribcan  Ellipfc  about 
the  Sun's  Center  at  rcft^  as  a  Focus ;  as  was  dc- 
monftrated  in  Prep.  42.  And  if  the  MalTes  of 
the  Planets  were  infenfible  in  comparifon  to  the 
Mafi  of  the  Sun,  the  lame  would  hold  very 
nearly,  by  the  preceding;:  And  that  this  is  al- 
moft  the  cale  of  the  Solar  Syftem,  is  evident 
from  Pro/)  ;4.  But  becau{e{byCoro/.P>-tfp.47.)  riot 
only  the  Sun  g»     *  towards  a  Planet,  but 

a  Planet  alio  tou  :  _  Sun,  and  bcfides  a  Pla- 

net is  not  a  Mafs  incirely  infenfible  in  regard  of 
the  Son  ;  each  Planet  (by  CoroL  2.  Prop,  ji.)  dt- 
fcribes  an  Ellipfe,  wliofe  Focus  is  the  common 
Center  of  Gravity  of  the  Sun  and  the  faid 
Plancf:  And  (by  Prop.  ^4.)  the  greater  Axe  of 
this  Ellipfe,  exceeds  the  greater  Axe  of  the  El- 
lipfe which  the  Planet  would  defcribe  about  the 
Sun  being  at  reft,  in  the  fame  or  an  equal  Time, 
in  the  fubtriplicace  ratio  of  the  funis  ot  the  Maf- 
fcs  of  the  Sun  and  Planet,  to  the  Mafs  of  the 
Sun. 

Befides,becaufe  fby  the  abovementionedOr*/. 
Frcp.  47J  the  Planets  gravitate  towards  one  ano- 
tlier,  and  the  Sun  is  agitated  by  the  fame  actra- 
<!^ion5  as  the  Planets  j  Mercury ,(by  Frop,^o.)  svill 
defcribe  very  nearly  an  Ellipfe  having  ihcFocus 
in  the  Center  of  the  Sun]Venus,an  Ellipfe  wliofe 
Focas  is  in  the  common  Center  of  Gravity 
of  the  Sim  and  Mercury,  and  fo  on  ;  e:ich  pri- 
mary Planet  will  defcribe  an  Ellipfc,  whofe  Fo- 
cu>  is  in  the  common  Center  of  Gravity  of  the 
Sun  and  all  the  inferior  Planets.  And  after  this 
manner,  the  adion^  of  the  primary  Planets  up- 
on one  another,  are  confidcrcd,  and  reduced  to 
a  ftandaid,  SECT, 
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Section   IX. 

►don  of  a  Syfteni  of  Bodies, 

^olves  about  another  Body  5  nil 

applied  to  the  Syftein  of  the 

'jlaoiets  Primary  and  Secondary. 

r 

ROPOSITION    IIX- 

>»  Center  of  Cravit/  *tf  t  Syfian 

tort  bettvy  BoJhsy  revolving  mhttt  ont 

^pfejy  rt$ajf  move  in  an  K!'  ny 

fio»^  ^hout  another  grc^ttr  -  ^be 

\Uipft^    and  may  dtftr'ibty   hj  RaJH 

"flttfi,  ylreas  proportional  to  tbt  Tima, 

Eofe  a  Syftcm  of  two  Bodic$  re» 
:lly  about  one  another  (as  in  Cor.2. 
|4  another  Syllcm  of   lefler  Bodies 
Diving  (after  the  manner  tlefcribcd 
pbput  a  great  one  P,  [%.  jz.]  co 
nly  in  a  Ri);hc  line,  which  is  evi- 
|e:  (thatisj  tor  its  common  Center 
move  alonf;  R»ighc  lines,  for  in- 
and  in  ciic  mean  while  to  be  urged 
he  Force  of  another  great  Body 
It  a  great  diftance,  and  forced  co 
iurvc  r//»  being  drawn  off  from 
\cPR.     And  becaufe  equHl  Acce- 
impiefleJ  along  parallel  Right 
;r  the  fituacion  of   ihe  Bodies  to 
butcaufe  the  whole  Syflcm,   prc- 
jMouomin  regard  of  one  another, 
fc'd  ac  cjie  fame  time  together  ;  Tis 
perc  will  arife  no  alteradon  in  the 
Bodies  mutually  attraiftcd^  from 
I }  the 
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the  attraftions,  towards  the  greateft  Body  S, 
but  from  the  inequality  of  the  Accelerative  at- 
traftions,  or  from  the,  Inclination  of  the  Lines 
to  one  another,  according  to  which  the  Attra- 
<^ons  are  made.  Now  the  diftance  of  the 
greateft  Body  may  be  increafed,  till  the  diffe- 
rences of  the  Right  lines  drawn  from  it  to  the 
Bodies  of  the  Syftem  in  Motion  (namely,  the 
great  one  P,  and  the  leffer  L,  /,  x)  in  refpeA  to 
the  Lines  themfelves  thus  drawn,  and  the  Incli- 
nations to  one  another,  become  lefs  than  any 
given  ones.  And  fince  all  the  Accelerative  ^. 
traftions  towards  5,  by  the  Hypothefis  of  Gra- 
vity, are  reciprocally  as  the  Squares  of  the  Di- 
ftances ;  thefe  ( in  this  cafe)  differ  from  equal 
Forces,  by  a  difference  which  is  lefs  than  any 
given  one:  And  therefore  the  Motions  of  the 
parts  of  the  Syftem  P,  with  its  Bodies  L,  /,  a, 
will  perfevere  after  the  fame  manner  as  before, 
when  the  greateft  Body  S  did  not  attraiS  that 
Syftem-  and  the  whole  Syftem  artrad:ed  af- 
ter the  manner  of  one  Body,  will  defqribe  by  its 
Center  of  Gravity,  fin  which  th»  whole  Syftem 
of  the  heavy  Bodies  P  and  L,  /,  x,  is  fuppofed 
to  be  contrafted  and  united,  as  in  other  Philo- 
fophical  cafes, )  a  Conic  Sedion  whofe  Focus 
isS;  and  by  a  Radius  drawn  to  that  greateft 
Body,  will  defcribe  Areas  proportional  to  tfie 
Times:  And  the  errors  which  are  over  and  a- 
bpve,  may  be  kffen'd  at  pleafure,  by  increafing 
the  diftance  of  the  Body  S.  Therefore  th^ 
Center  of  Gravity  of  a  Syftem  of  Bodies  P, 
and  L,  /,  a,  may  move  in  an  EUipfe  very  near- 
ly. ^£.  D.  ^ 
COROLLART  i. 
When  a  Syftem  of  two  Bodies  revolving  about 
oneanother,orof  a  great  Body  with  leffer  Bodies 
aevolvingaboutit,is  moved  about  a  greater;  tho 

Motion 
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f  the  parts  of  the  Syftcm  among 
prill  be  To  much  the  more  diilurbedj 
Iter  Body  approaches  nearer  the  faia 
kcaufe  ehe  inclmation  of  the  lines 
tn  the  greater  Body  to  thofc  parts,  is 
[jd  the  inequality  of  the  ratio  likewife 
ud^  in  one  word,  becaufe  rhcrc  is  a 
k  made  from  that  cafe,  wherein 
irturbacion  at  all;  namely,  when 
at  an  infinite  diftance. 
COROLLART  3. 
:nce,  on  che  concrar)%  if  the  parts 
of  the  Body  F  and  the  Icfler  re- 
Ics  L,  /,  A,  move  in  Ellipfes  or  Cir- 
any  confiderable  perturbation;  'u^ 
It  the  fame  arc  only  urged  very 
my  Accelerativc  Forces  co- 

ir IJodies,  or  that  they  ;h  .  ^  J  c- 
long  para!  lei  Lines,  indefinitely  near. 
\ 

PROPOSITION    LX- 

kJjr  L  [F/^.  f ;.]  r twelve  shctff  a  i^t^t 

fi  in  Carol,  z.  Prop,  f  I.J  nful  thi  Sjfiem 

revolve  about   a  greater  S,  (.t/  in  tbt 

tfj  in  thtft  three  fioMa,  if  the  Aatlt' 
ioptj  tf  any  twoy  towarJt  the  thirdy  bf\ 
I  tbt  S^HTcs  of  the  Dtfiances  frgm  it 
\ofe4  to  Jh^vj  ift  general  the  Errors  eom^^ 
iBo'iy  I-,  togefhtr  vnth   the  Ctiufes  sm 
pw ;  M^fmly,  •:i'hy  the  Rody  L  dees  not^ 
ft'iii'n  to  T,  describe  Areas  exaffJj  fro* 
\e  Tiwej^  and  rim  in  tbn  Perimeter  ojai 
r  v^hofe  Foci  is  T. 
he  Body  L  is  fomctimcs  more,  feme-" 
liftant  from  the  Body  5,  let  5X  be 
ftance;  which  may  likewife  expreft 
ative  attradion  of  the  Body  L  to- 
that  :ncan  diftance.    Let  che  place/. 
1  4  of 
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of  the  leaft  Body  in  its  Orbit  BCGDy  be  taken 
9t  pleafure  :  And  in  S  Ly  produced  if  need  be, 
let  the  Right  line  5-^  be  taken,  fo  as  that  it  be 
to  5  -K  in  the  duplicate  ratio  of  .S  iC  to  5  L,  which 

confequencly  will  exprefs  the  Accelerative  at- 
tradion  of  the  Body  L  towards  5,  when  it  is 
in  the  point  L,  thus  affumed ;  becaufe^  (by  fup^ 
pofition  J  the  Accelerative  Force  in  L  is  to  the 
Accelerative  Force  in  X,  in  the  duplicate  ratio 
of  5X  to  5  L ;  that  is,  (by  conftrudion,)  as  S  A 
to  S  K.  Conned  TL,  and  through  A  draw 
A  M  parallel  to  it,  meeting  ST\n  M, 

The  Attradion  S^d  of  the  Body  in  L  to- 
wards Sy  may  be  refolved  ^as  is  well  known,^ 
into  the  Attradions  AM,  MS.  Wherefore  the 
Body  L  will  be  urged  by  a  threefold  Accelera-.- 
tive  Force  j  one  tending  to  T^  and  arifrng  from 
the  mutual  attradion  of  the  Bodies  L  and  T; 
by  this  Force  alone,  the  Body  L,  by  a  radius 
L  7' drawn  to  ihe  Center  of  the  Body  Ty  would 
(leiciibe  Areas  proportional  to  the  Times,  and 
an  tliipfe^  whofe  other  Focus  is  in  the  faid 
Centei*.  The  other  Force,  whereby  Lis  urged, 
is  cxpreffive  by  J  M,  and*  it.  parallel  to  the  di- 
rcdion  of  it  ;  which  becaufe  ic  tends  from  L  to 
7j  adding  the  fonr.er  Force,  will  with  it  com- 
pofe  another,  whereby  the  Areas  defcribed, 
wiii  ftill  be  proponional  to  the  Times,  (by  Co^ 
rcL  I.  Vrcf,  y  i.)  But  becaufe  this  Force,  as  A  M, 
ispot  feciprocaliy  proportional  to  the  squares 
of  the  diftance  L  T,  the  Force  compounded  of 
this  and  the  formc;r,  will  not  be  fuch  •  but  will 
recede  from  chat  proportion,  and  that  fo  much 
the  more,  as  (other  things  being  alikej  this  new 
Force  added  to  the  former,  and  reprefented  by 
A  Af,  is  greater.  Confequently  the  Body  Z,, 
which  is  urged  by  this  compound  Force,  will 
pop  delcribe  the  Perimeter  of  an  El|ipfc,  whofc 

Fccug 
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('for  to  this  a  Force  tending  co  T", 
:ally  proportional  to  the  Square  of 
from  it,  is  re"  "  • '  'y  l*rcf.^.) 
ife  its  Orbic  ro  I  .  ic  digremon 
Ulipfc,  whofc  Focus  is  7'}  and  char 
'ill  be  r^  --'"-h  the  prcarcr,  as  this 
^orcc  ,  s  .  /.  U  urged,)  recedes 

;e  rcciprocaliv  proporrional  to  the 
le  dillHncc  from  T^  that  is,  fas  hns 
)  the  greater  the  fuperadded  Force 
by  -V/V/,  is,  in  rel*pe<a  co  the  Force, 
ris  attrai^cd  to  7*,  orher  circum^an- 
like.     Again,  the  third  Force,  where* 
L  is  wrpcdj  which  che  Right  line 
tnre,  ading  according  to  the  dircdi- 
imcly  according  co  the  dircdton  of 
to  M  S )  fuperadded  ro  the  former 
11  compound  ;motiier,  whofe  dircdi- 
>m  L  Towards  T;  but  along  a  Right 
ig  from  thence  towards  F,  more  or 
ling  to  che  ratio  of  t\m  third  Force 
of  the  former  Forces.     And  ihcrc- 
lole  Force,  compounded  of  all  tlircc, 
is  urged,  fince  it  does  not  tend  to  7', 
J  will  make  the  Bcdy  L  defcribc 
'oportional  to  theTiines,  by  the  Ra- 
id the  digreflion  from  that  fimiiitude 
between  the  Areas  dcfcribed  and 
^i  which  they  were  delcribed,  will 
the  greater,  as  che  racio  of  this  third 
Ig  according  to  the  diredion  of  L  F, 
ler  Forces,  is  greater.     Befides,  the 
)n  of  this  third  Force  will  induce 
in  the  Elliptic  Figure  of  the  Orbit, 
accoiinc,  both  becaufe  it  is  not  dj- 
^  L  to  t;  and  becaulb  it  is  not  reci- 
iroportional  to  the  Square  of  the  di- 
|k1  the  deformicy  is  fo  uuich  the  great- 

€1 
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er,  as,  other  things  being  alike,  this  Force  MS  i? 
greater.    In  the  Right  line  ST,  (from  S  cowards 
T)  cake  5  N,  to  SK  in  the  duplicate  ratio  of  SK 
to  ST";  the  Acceleracive  attraftion  of  the  Body 
Ttowards  S,  will  be  exprefs'd  by  SM,   If  the  Ac- 
celeracive atrradions  SM,  SN,ht  equal/asin  the 
ad  of  thefe  Fig  )  they  will  not  alter  the  ficuaciot; 
of  fhe  BodiesTandL  to  one  another    by  a<:^ng 
upon  them  equally,  and  according  to  parallel 
Right  lines :  But  the  Bodits  5  and  J  approach- 
ing nearer  to  one  another,  the  monons  of  T'and 
X,  in  regard  of  one  another,  wi  1  be  juft  the 
fame  as  if  thefe  attradions  were  incirely  abfent. 
But  if  the  Acceleracive  accradion  5N,  be  left 
than  the  Acceleracive  accraftion  S  M^  (as  in  che 
firfl  of  chefe  Fig,)  che  former,  and  a  part  of  che 
latter  equal  to  it,  will,    (as  was  (hewn  in  the 
preceding  cafe,)  reduce  thcmfclves  mutually  to 
that  State,  as  if  both  of  them  were  abfent,  and 
the  difference  of  them,  on  che  pare  of  the  Acce- 
leracive Force  S  M^  expreffed  by  MN^  remain; 
which  therefore  difturbs  the  proportion  of  the 
Areas  and  Times,  and  the  Elliptic  ligureof 
the  Orbit,  GCBD.    But  if  S  N  exceed  S  M, 
(  as  in  the  ;d  of  thefe  Fig/tres )  their  incerval 
AfJV,  will  denote  that  difference  oftheAcce- 
lerative  Forces,  whereby  che  proportion  of  the 
faid  Areas  defcribed,  and  Times  ofclefcriprion, 
together  with  che  Elliptic  form   of  the  Orbit 
CCBD,  are  difturbed.     And  therefore  by  tlie 
atcraftion  NS,  is  che  third  ucraAion  S  M  aU 
ways  reduced  to  M  JSJ^  which  cxcrcs  its  Fore© 
from  M  to  N,  or  from  L  towards  F,  the  for- 
mer Forces  being  incirely  unc!      ~    \      And 
thefe  are  the  Forces  that  gcncrau  vors  of 

the  Body  L,     j^£./> 

P  R  O- 
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Propositiok  LXL 
.  things  btmg  fMefti^  irt  it  kt  fr^ 
\tD  give  an  account  of  fucb  Errors  of  m 
[Fig.  5'4.]  re^alvifig  mhcHt  a  great 
the  f^me  pLve  v^l^ercfn  T  rt^vtt 
Body  S,  Hfifing  from  the  ineliuAsi^n 
J  ai  alj'ocf  tbeCaufts  and  RtAjms 

demonftrarion  of  the    preceding 

^wn^  that  all  rhe  errors  of  the  Body 

\vci  the  Forces  rcprefentcd  hy  the 

]AMyMN.  But  hecaufc  one  otchcni 

:cording  to  the  djrcdion  LT,  which 

tne  of  the  Orb'r   ^    '     "    '     ^,ihc 

accordixigio  r  1  not 

ocioti  of  the  Body  L^  as  to  its  La- 

kuation  of  the  Orbit  of  ihc  Body  L^ 
f  that  the  Body  S  is  found  in  its  com- 
3n  with  the  plane  of  the  Orbit  £  TE^ 

lelcribcs  about  S:  fthacis,  to  fpcak 
Piguage  of  an  Aftronomer,  it  the 
fche  Orbit  of  the  Body  L,  be  in  the 
If  the  Body  S^  )  A/JV  alfo  lies  in  the 
pe  Orbit  of  the  Body  L\  becaufe  in 

fn  Sedion  :  And  therefore  the  Force 
rding  to  rhe  diredion  of  ic,  does  not 
f^  Motions.  K 

ler  things  remaining  the  fame,  let 
"iCBD  o\  the  Orbic  of  the  Body  X, 
i  to  be  inclined  to  the  Plane  SET, 
t  of  It  COD,  may  be  elevated  above 
t  CB  D,  deprefled  below  it :  Upon 
Sentcr  Tand  equal  Semidiarr  '  r 

t  CbDgy  be  fuppofed  to  be  \ .1 

|ne  SETy  and  the  Nodes  will  be  C 
Uppofe  them  when  fcen  from  Ty  to  be 
dtc  afped  with  the  Body  5"  ^  that  js^ 
I  *  fupr 
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fuppofe  the  Angles  S  TD^  S  TC  right.  In  the 
cafe  of  the  motion  of  the  Body  L,  along  the 
Scmicirde  C  G  D,  (fee  thefirft  of  thefe  Fig.)  the 
Force  as  MN  ot  the  Body  L,  ading  with  the 
diredion  MN^  ( that  is,  from  L  to  F)  attiafts 
the  body  from  its  Orbit  CGD  towards  CgDi 
that  is,  leflens  the  Latitude  of  the  Body  L, 
(reckoned  from  the  Plane  C  ^  D) :  And  the  Bo- 
dy L,  in  its  continual  receding  from  the  Plane 
CGD  towards  5,  till  it  has  arrived  to  the  next 
Node,  does  not  pafs  the  Plane  ETS  or  CgD 
in  the  point  wherein  it  pafTed  before,  but  a  Tit- 
tle on  this  fide  of  it ;  and  makes  the  Node  of 
tte  Orbit,  now  defcribed  by  it,  a  little  more  in 
anttcedentia^m.  regard  of  theNode  D  of  the  Orbit 
CGDy  which  it  would  have  defcribsd  wichouc 
this  Force  M  N,  In  like  manner  in  the  paffage 
from  the  Node  D  to  the  Node  C,  through  the 
Semicircle  D  B  C,  (to  which  cafe  the  tcond  of 
thefc  Figures  is  accomniodaced,)  the  Force  as 
M  AT,  arang  according  to  the  diredion  of  MN, 
or  from  L  towards  F,  makes  the  Body  L  to  go 
backwards  perpetually  from  the  Orbic  DBCy 
and  defcribe  another  inclin  d  to  D  iC,  in  a  lef- 
Ibr  Angle,  and  to  pafs  the  Plane  DbC  fooner 
than  in  C  ;  that  is,  than  it  would  have  done  if 
the  Force  M  N  had  not  been  prefenc  •  and  by 
this  means  there  will  be  made  a  new  place  for 
theNode  tending  in  antecedentia  i  and  ai^uin^ 
during  its  palTage,  the  part  CG  D  of  its  Orbit 
towards  che  conjundlion  wich  the  Body  X,  thfi 
nearelt  Node  will  recede  in  anuademiay  :is  be- 
fore. 

Befides,  (the  Eye  being  placed  in  the  Line  of. 
the  Nodes  produced,)  let  SgTh  [Fig,  ff)  repro* 
fent  the  Plane  of  the  Orbit  of  the  Body  7  re-i 
volving  about  5",  GD5thc  Plane  of  rhe  Orbit> 
qi  zhe  Bpdy  L^  while  ^he  latter  is  inclined  to. 

thQ 
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by  the  fmallcft  Angle,  namely,  GD; 

which  happens  (as  has  been  fhcwn) 

lody  L  is  ieen  from  T  in  the  Syzygics 

ly  S.    And  fince  ic  has  already  t^en 

13^         \odesof  cheOrbicof  thelcaft 

.  :iUccJentia  ;  the  Orbic  which 

departing  from  G,  where  ic  was 

junction  with  S,  further  defcrihes, 
Dt  on  this  fide  D  in  refped  of  Sy  and 
Line  GJ.  And  the  Orbit  which  (he 
tribes,  dep'  "loni  By  where  ic 

iltion  to  .V,  >,  the  Line  ^  j^, 

he  Plane  Fi?^  in  j^,  tnt-  beyond  D 
:  S.  Andic  is  evident  rV  -*-  Ijnc 
Dnralm  a  greater  Angle  '  ^  ^  at 

»  the  Angle  made  by  the  Line  G  P 
h  the  fame  ei^  ^  ;  being  rtbour  equal 
lich  the  Orbit  of  the  Bodv  L  made 

when  L  was  very  near  the  K. 
therefore  being  in  theQuadratur^^^^iy 

!but  in  the  byz-ygies  are  at  rclt,-  and 
ways  whether  cheyarcRetrogradeor 
Dpon  the  whole  go  backwards;  but  in 
diate  places,  partaking  cfbotliLon- 
backwards  flowcri  and  (b  much  the 
yare  nearer  the  Syzygics.  But  when 
kre  in  the  Quadratures,  the  inch'na 
jplanc  of  the  Orbit  of  the  Bodv  L,  is 
^liie  paffage  of  the  Body  L  from  the 
^  to  the   Sy/ygies,    and  augment- 
paffage  of  the  fame  from  the  Sy- 
tihe  Quadraaires ;  (For  the  parts  of 
\J,  £  i'y   towards  J  and  «0,  are  in- 
i  greater  Angle  to  gDb  than   their 
jrds  C  and  By   and  the  Orbit  of  the 
fry  moment  of  time  is  to  be  looked 
f  lineola,   defcribed  hy  it  in  that  mo- 
the  Plane  of  the  Orbit,  which 

p^'ci» 
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pafles  thro'  the  faid  lineola,  and  the  Center  of  the 
T^ody  71)  And  therefore  the  Body  L  being  in 
the  Syzygics,  the  inclination  becomes  the  leaft 
poflible,  and  returns  to  its  former  magnitude, 
or  thereabouts,  when  the  Body  comes  to  the 
neareft  Node.  And  thefc  are  the  principal  Errors 
arifing  from  the  inclination  of  the  Planes.  ^E,L 
SCHOLIUM 

The  f^me  holds,  cho'  the  Body  L  ^Fig,  f  6.]^ 
volves  not  about  T;  but  both  T  and  /.  about  5, 
as  a  Center.  For  in  this  cafe  the  oDtmoft  Ti 
produces  the  Lftcffls  of  the  Body  5  ;  and  J,  to- 
gether with  L  revolving  about  it,  fupplies  the 
places  of  rand  L  revolving  about  it,in  the  fore- 
going cafe.  For  theDemonllration  is  the  fame, 
whether  the  difturbinj^  Body  moves  or  not. 
COROLLARY. 

By  the  fame  Laws,  as  the  Body  L[%.  f4.][ 
revolves  about  7*,  let  us  imagine  fevcral  Bodies  to 
move  about  the  fame  T,  at  equal  diltances  from 
it;  and  a  Ring  CBDG  rigid  and  concentric 
with  the  Body  Ty  made  up  of  them,  being 
multiplied,  and  at  length  becoming  contiguous: 
And  the  feveral  parts  of  the  Ring  will  perform 
all  their  Motions  (which  are  not  impeded  by 
the  rigidity,)  according  to  the  Law  of  the  Body  L. 
And  therefore  the  Nodes  C  and  D  of  the  Ring 
CBDG  are  at  reft,  when  they  are  in  the  Syzy- 
giesof  the  Body  S  :  and  will  move  from  :htm, 
in  iivtcccdcnt'ufy  fwifcly  in  the  Qiiadratures,  and 
flowly  in  all  other  places :  And  tlic  inclination 
of  the  Ring  will  be  changed^  (the  Axe  of  it 
OfcillatingJ  as  has  been  fhewn  concerning  the 
Orbit  G  CBDy  in  the  Propnfition. 

If  now  the  Globe  T  (having  the  ftmc  Axe 
with  the  Ring  CBDG^  and  conlpleating  its  Re- 
volutions about  that  Axe  in  the  fame  times,)  be 
conceived  to  be  incrcafcd  fo  big,  or  the  Ring 

(other 
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s  remaining  as  before)  leflfen'd,  (o 

lube  couch  the  Surface  of  chc  Ring 

cling  CO  it}  becaufe  clufcly  cn- 

y  it:  The  Globe  7* f which  wc  fup- 

ir  '"       r  to  all  imprefliom,)  will 

the  ju  of  (he  King,  and  the 

f  chctn  both^  will  ofcillace,  and  the 

Ring  Cor  the  interferons  of  it 

ane  of  chc  Orbit  of  chc  Body  Tabouc 

backwards. 

Proposition  LXII. 

pjy  L5[Fig.y4.]  hjf  a  Radius  JrawmuT^ 

defcrih  Areas  mart  nearljr  pr^f&rtumal  /# 
d  a  Figure  coming  neftrtr  10  tltt  Farm  cf 
ofe  Focus  is  Tj  ifTke  attradedtcwarJt 
me  Law  ms  L  i/,  tban  if  it  were  attra'^ 
deal  more  or  a  great  dial  itfr, 
the  pieced.  Prop,  the  percubacion  of 
rion:^!ity  of  tne  Areas  and  Times, 
formity  of  the  Figure  of  the  Orbit, 
ppally  from  the  i  orce  reprei'enced  by 
tid  therefore  the  Areas  and  Times  will 
lieft  to  the  Proportionality,  and  the 
D  to  an  Elliptic  figure,  when  Ml4 
or  the   fnialleft  poilible :   That  ij, 
i  Accelerative  atcraAions  S  M,   SN, 
fefence  is  AfN^  of  the  Bodies  L  and  7^ 
i  equal  j  or,  which  is  much  the  lame, 
[Accelerative  accraftions  of  the  Bodies 
pwards  S,  approach  as  near  as  poffible 
^lity :  (For  the  other  p:irt  of  the  Acce- 
ttraftion  of  the  Body  L  to  5,  exprelFcd 
iamely  J  A/,  tho'  ic  docs  not  difturb 
?roportionality,  yec  it  renders  the  EI- 
|re  deformed  j  thac  is,  when.SN,  the 
ive  accradion  of  the  Body  T  towards  S, 
'  for  from  what  has  been  flicwn 

above, 
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above,the  Attrafiion  5Mis  reduced  to  a  lefferMN" 
by  the  Actradion  5N,)  nor  lefs  than  the  fmalleft 
of  all  the  Attradions  S  M^  {  otherwife  MN 
would  be  too  great  in  every  fituation  of  the 
Body  Ly)  but  as  it  were  a  mean  between  the 
greateft  and  leaft  of  all  the  5  M-^  that  is^  neither 
much  greater  nor  much  lefs  than  the  Attra<ftion 
SK.  And  therefore  the  Body  £,  by  a  Radius 
drawn  to  T,  will  defcribe  Areas  more  propor- 
tional to  the  Times,  and  a  tigurc  approaching 
nearer  to  an  Eftipfe,  if  7*  be  accraded  towards 
Si  by  the  fame  Law  as  L,  than  if  it  were  ar- 
traded  much  more  or  left.  Which  was  to  be 
demonftrated. 

The  fame  holds,  if  (other  thirigs  remaining 
as  before)  the  Body  L  did  not  revolve  about  T^ 
but  both  rand  L  about  S,  For,  as  was  faid  in 
the  preceding,  the  Demonftration  is  the  fame 
whether  the  difturbing  Body  move  or  not. 
SCHOLIUM, 

It  may  in  like  manner  be  infer'd,  that  if  a 
Syftem  of  Bodies  P  and  £,  /,  a,  [F/^,  j 2.]  re- 
volving about  Si  fas  in  Trcf.  <i$.)  the  Orbits  de^ 
fcribed  will  come  nearer  to  Elliptic  ones,  if  all 
the  Bodies  aded  upon  by  the  fame  Laws  of  At- 
tradions,  than  if  on  any  account,  the  fame 
Laws  did  not  hold ;  and  the  common  Center  of 
Gravity  of  the  Bodies  P,  i,  /,  a,  will  defcribe 
an  Orbit  whofe  Focus  is  in  the  common  Center 
of  Gravity  of  all  the  inferior  Bodies;  as  in  Cor. 

Proposition  LXIIL 

BYreafm  of  the  njtttual  aBhn  of  the  Earth  and 
Mooftf  their  common  Center  of  Gni'vitj  moves 
in  the  Orbis  Magnus  ahout  the  San.  After  the  fame 
manner,  the  common  Center  of  Gra'ulty  of  Jupiter 
and  its  Satellites  J  ^nJ  of  Saturn  and  its  Attendants, 

are 
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tbeOhlts  cf  Jt/psTit  gnd  fSahtrn  ;  df 

p.y8. 

y  Prep,  46.  and  47i)  the  Moon  ^- 
ds  the  Earth,  and  cIjc  Earth  towards 
the  Sardlices  cf  Jupirer  cowards 
Jupiter  in  like  mnnner  cowards  its 
acurn's  Attendants  cowards  Sarum, 
owards  its  Attendancs;  wh;<t  was 
idem  from  Pr^f.  J9.     And  bccaufe 
f.  47.)  the  Sun,  every  Phmi^ry  Pla- 
Sccondary,  are  aded  upon  by  the 
'attractions,  the  Orbic  of  each  Sc- 
ry nearly  an  Ellipl'e,  having  a  Fo- 
n.er  of  the  Prim;uy,  by  the  forc- 
e  motions  of  the  Satellites  arc  dl- 
s  been  (hewn  in  Prof,  60  and  61. 
ed  with  various  in  *  i.^s,  thac 

ted  of  in  their  prop.     ^      .s  hcrc- 


pROPOSITlON  LXIV. 

[jfrA^    Figure  of  the  Earthy  iht  E^m^ 

woints  go  yackwards^  And  the  Axis  of 
every  Annual  Revoluti^nj  twice  chen' 
ion  to  the  Ecliptic^  an  J  twice  retunu  to 
inHtion. 

we  Gonfidercd   the  Axis  of  the 

naining  always  exati^ly  parallel  to 

tfe  then  we  had  only  the  Phenomena 

lutJon  to  explain,  in  which  fpace  of 

!vesits  Parallelifm  very  nearly.  But 

le Earth's  Figure,  whichis  an  Oblate 

|rifm^  from  the  Caufcs  pointed  at  in 

B  calc  is  now  fomething  different. 

\  ^  vy*  (Fig.  yyj  be  the  Orbit  of  the 

tthe  Sun©,/^£ Blithe  Earth icTelf, 

i  are  A  and  By  Equator  £  ^.  Becaofe 

4)  cl^  Earth  is  an  oblate  6pha:roid, 

|r  K  (de. 
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(depreffed  towards  rhe  Poles  y^  and  »,  and  ele- 
vatcd  towards  the  Equator  E  ^,  )  it  is  like  a 
Globe  faften  d  to  a  Ring ;  for  that  excels  of 
Matter,  which  is  about  the  Equator,  fuppliea 
the  place  of  a  Ring.  And  therefore,  by  Cow/. 
Trop.  6iy  the  Nodes  of  this  Ring  will  go  back- 
tvards  :  That  is^  the  Earth  departing  from  ^r^, 
CwhcfC  the  common  interfec^on  of  (he  Eclipric 
and  the  Equator  of  the  Earth,  is  direded  to* 
wards  the  Sun  0,  and  confoquently  the  Sun 
fccn  in  the  Equator  in  the  Heavens,  makes  the 
Equinox,;  thro'  XP  towards  Y,  will  arrive  ac 
the  Node  T  fooner  than  at  T  the  point  oppo- 
fite  to  :Ciz :  And  the  Earth  going  forward  from 
Y  thro*  %y  towards  r^,  will  arrive  at  tlie  new 
Node  dib,  iboner  that  at  :^,  where  the  Node  was 
was  in  the  former  revolucioft  ;  that  is,  the  plane 
of  the  Equator  of  the  Earth  produced,  will  pafs 
through  the  Sun  fooner  than  the  Earth's  Center 
arrives  at  £=,  But  then  the  Equinox  is  celebra- 
tcdj  when  the  Sun  is  found  in  the  plane  of  the 
Earth's  Equator  ^  (as  has  been  fhewn  at  large, 
Trop^  3;.)3nd  they  are  to  be  looked  upon  as  the 
Equinoxial  Points,  in  which  the  Sun  appears 
at  the  time  of  the  Equinoxes.  Wherefore  it  is 
evident,  that  the  Equinoftia!  Points,  and  toge- 
ther with  them,  all  the  points  of  the  Eclipric, 
that  have  received  any  names  as  fuch,  (becaufo 
depending  upon  the  Equinoflial  Points  and  re- 
ckoned fromthem,^  will  feem  to  go  backwards, 
or  move  in  antaerJifttia;  if  the  Fix'd  Stars  be 
taken  as  immovable.  But  if  the  points  of  the 
Ecliptic  be  looked  upon  as  unmoved,  then  the 
Fixed  Stars  will  be  reckoned  m  hnve  moved  as 
much  forwards  or  in  c&ftfujue-i. 

The  Regreflion  of  the  Equinoctial  Points,  as 
has  been  hitherto  explained,  proceeds  from  che 
aftion  of  the  Sun  upon  the  Ring  compaffing  che 

Earth 
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Equator^  or  the  redundant  Mancc 
quator,  as  has  been  (hewn,  CerJ.  Prcfj 
:  the  Force  of  the  Moon  alfo  upon  this 
is  considerably  gre;4t,  as  f-  -^  ■  '-nc 
djoL  to  Prof.  6 1,  and  its  Con  r 

always  in  the  Plane  of  the  LcliptiCj 
from  it,  Jhe  will  conrpite  wiih  tho 
fime  Effsd, 
-  in  a  Scnn-revolution  of  ihc  Ilarth  ar^ 
>un  from  :C^  thro'  y?*  to  Y,  th«  indi- 
^the  Equator  co  die  Eciipcic  cbro'  the 
the  Sun,  is  ■  '  *  when  r!  "  h 
'^  and  it  is  k  -II  the  L  in 

Top,  60,)  the  Nodes  of  the  Ring  being 
i*s  Quadrarurc.  And  when  :'  "  h 
jit  T,  and  ihe  Nt^des  at  the 
former  Inclination  is  reOored  again ; 
From  T  thro'  s  to  =0r,  the  like  lef* 
;ne  Hiid  Incirnation  happens  ag.'^in  ; 
of  the  Earth  Ofcillatcs  together 
quator.  The  Axis  therefore  of  tha 
ery  Revolution,  changes  its  incUna- 
Ecliptic  twice,  and  twice  returns 
er  inclination^  which  will  happen 
o  in  every  Periodic  Month,  upon 
nt  of  the  adion  of  the  Moon. 
Icillation  will  fcarcely  be  fenfibie, 
regrefs  of  the  Points  of  the  Eclip- 
n  CO  every  Body,  tho' it  arife  from 
orces.  For  in  each  Equinox,  the  in- 
the  Axis  of  the  Earth  towards  the 
Ifeturns  to  its  former  bignefs,  and 
^  of  Years  becomes  not  moreleo-* 
If  the  regrefs  of  the  Points  of  tho 
1^  continually  onwards,  and  the  Equt** 
bints  never  return  co  their  ancient 
n  they  have  compleated  an  intirc 
^d  fuch  a  change  as  is  intirely  infen- 
K  z  Tible 
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fible  in  one  Year,  or  half  of  a  Year,  (in  which 
fpace  of  time  the  whole  change  of  the  inclina- 
tion of  the  Axis  of  rhe  Earth  is  ftnilhed,)  will  in 
a  feries  of  Years  become  fenfihle  j  being  made 
perpetually  the  fame  way.  On  the  account 
therefore  of  the  Figure  of  the  Earth,  the  Equi- 
noctial Points  go  backwards,  and  the  Axis  of 
the  Earth  every  Year  changes  its  inclinaiion  to 
the  Ecliptic  twice,  and  twice  returns  to  ics  for- 
mer fituation  ^E.  D. 


Proposition    LXV- 

TH  K  common  Cerjur  of  Gr.t'vhjr  of  the  om;/ 
all  the  TL^nets  and  Comers  is  tit  rc^  ;  iJtid  it 
therefore  w/7  he  taken  for  thtt  Center  (f  ikt  Solar  Sj- 
firm,  and  even  of  the  IVorld  it  felf 

It  has  been  demonftiaied  by  the  Philofophers 
mention'd  inPrtfp.fo.thatchecomnionCenter  of 
Gravity  does  not  change  its  flaie  of  motion  or 
reft,  by  the  aiflions  of  the  Bodies  upon  one  ano- 
ther ^  but  thiit  the  Law  of  a  Syftem  of  Bodies  is 
the  fame  with  that  of  a  fingle  Body,  as  to  their 
continuance  in  rhe  faid  ftaie  ;  fince  theprogref- 
five  motion  of  both  is  to  be  ertimated  by  the  mo- 
tion of  thcCcntcr  of  Gravicy.The  common  Cen- 
ter therefore  of  the  SolarSyftem  is  either  at  reft, 
or  moves  uniformly  forward  ;  for  excluding  all 
estcernal  iorce,  this  is  the  ftate  of  a  folitary 
Body.  Now,  the  latter  can't  be  aflcrccd,  fmcc 
of  the  furrounding  lix'd  Stars  fome  would 
become  nearer  than  formerly,  and  orhprs 
more  remote  ;  and  ccnfequcntly  thdr  iituation 
and  order  in  length  of  time  would  be  fenfibly 
changed,  contrary  to  Obfervation.  And  iince 
it  has  already  been  ibewn,  rhat  the  Sun,PlHnecs, 
and  Comets  gravitate  towards  one  another,  and 
are  therefore  in  continual  motion,  (  only  ttje 
common  Center  of  Gravity  remaining  quier,) 

'tis 
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r  tliac  the  movable  Center  of  any  one 
can'r  be  look'd  upon  as  the  Center  of 
Syftcm,  hut  thcaboYc-mention'd  im- 
mon  Center  of  Gravity. 

ot  an  invifiblc  Poinr,  as  the  above- 
iy  but  feme  confiderabic  Body  vtrv 
5  to  be  looked  upon  for  the  Center  ut 
rm,  it  will  be  the  Sun ;  bccaufe  that, 
•  of  the  vaft  Qirancity  of  Matter  it  con- 
lomparifon  to  the  others,  will  fcircC 
bnfibly  diftanc  from  the  common  Ccn- 
ivity  above-mentioned. 
rther,if  any  Figure  agree,  and  hounds 
the  nniverjal  compares  of  Bodies  for 
ferldj  nu  orhcr  Syftem  more  jtiftly 
t  middle  of  it,  than  our  Solar;  and 
'no  other  C:encer  than  that  above  dc- 

is  agreeable  to  the  Univcrfc.    Which 
demonftrated. 


;     bECTIO  N     A. 

th^  Caufts    and  Rtafon  of  the 
of  the  PLif24fts  sffigncd  by  fhtlQ- 


been  defciihiiig  hitherto  the  Syftem 

le  World,  and  that  only  in  general,fo 

ifatficient  tor  our  purpofc,  and  having 

the  analogous c^uie  of  chc  Motions  of 

!r  Bodies  of  the  World,  or  rather  the 

moft  fitting,)with  that  which  wedai- 

ience  about  115 ;  namely  the  Gravity  of 

;s  towards  all  Bodies,  whofe  Law  is  the 

that  of  our  Gravity,  or  of  any  other 

irtue  propagated  along  Right  lines 
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concurring  in  one  Point  j  that  is,  having  lai 
down  the  principal    foundations  of  a   Phy( 
cal  Aftronomy,  regularity  of  Method  requir 
us  to  confider  the  Caufes  and  Phyfical  Reafons 
of  thefe  fame  Effeds  as  are  affigned  by  odiers  ; 
and  at  the  fame  time  fee,  whether  they  folve  the 
Phenomena,  fo  well  as  thofe  explained  before 
have  done.    But  by  the  Caufes   we  fpeak  of 
here,  we  do  not  underftand  the  ultimate  Cau- 
fes, or  fuch  as  have  no  Caufes  of  themfelves  ; 
but  fuch  as  we  experience  about  us,  and  can 
calculate  their  Forces,  and  Geomeaically  in- 
veftigate  their  Properties,  as  we  do  of  any  other 
Quantities  ;  fuch  as  Light,  to  the  confideration 
of  which,  various  Sciences,  as  Optics,  Catop- 
trics, Dioptrics^  owe  their  Original ;   Gravity, 
the  afTedions  ot  which  are  confidered  in  Statics, 
and  in  almoft  all  Mechanics :  tho'  the  Culiivar 
tors  of  thofe  Sciences   neither  underftood  the 
ultimate  Caufes  of  Light   or  Gravity,  nor  will 
they  do  fo  hereafter. 

.There  are  two  other  famous  Se6ts  of  this  Co?- 
leftial  Philofophy,  that  attempt  to  explain  the 
Caufes  of  the  Motion  of  the  Bodies  of  the  Uni- 
Verfe,  the  KepLrian^  and  rhe  Cartejian  :  As  for 
thnt  which  brought  in  Solid  Orbs,  and  faften'd 
Intelligences  to  them  to  move  them,  there  is 
no  ocqifion  to  take  notice  of  ir,  fmce  there  15 
litrle  of  Philof  )phy  in  it,  and  it  has  i)ccn  fuffi- 
cicntiy  confuted  by  the  Aftronomers  of  the 
laft  Age.  We  fliHll  ^ive  an  account  of  both 
thefe,  and  annex  the  Reafons  why  neither  of 
chem  belongs  to  rhe  Heavens,  by  (hewing  thar 
the  Laws  of  Bodies  moved  as  thefe  Philolophers 
would  have  them,arc  not  fuch  as  arc  found  to  be 
obferved  by  the  Heavenly  Bodies.  And  firft  we 
fhall  .explain  the  KetUrian  Phfics  delivered  in 
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'MM  af  tbi  Copernican  Afironomj^wii 
le  molt  pare  in  his  own  Words. 

fflam  briefly  the  Subfi^inct  0/  tbeCmUfiial 
^s  ttf  Kepler,  or  tL^  C^t^e  and  Rtafw^ 
eplcr  bat  afignsd  ,  whj  tbt  Plamti  ar$ 
frbitj  almu:  the  Sim. 

:at  Allronomer  would  have  die  Sun 
Body^  made  to  move  about  an  Axe 
'ofuion,  by  the  Creating  Power  of  the 
jug  in  the  beginning  of  Things  ;  and 
lOrion  fliould  languifii  by  degrees  oa 
it  of  the  nuggifhnefs  of  Maccer,  chat 
Ltly  maintained  by  tlic  care  eichcr  of 
►r,  or  of  fome  Mind  deftin'd  to  it ; 
likewifc  he  would  have  to  be  obfer- 
j|b  Earth,  and  the  reft  of  the  Globes  of 
vcrfc.  The  Sun  by  this  gyration  of  hj$ 
irrying  about  the  immateriated  Species 
fa  Body  thro'  the  vaft  Spaces  of  the 
:nrrics  about  like  a  Leaver,  at  the  fame 
Wanecs  which  are  apprehended  by  this 
/This  Species  is  the  Virtue  of  the  Sun 
Right  lines  tliro*  the  whole  Mundane 
;h,becaufe  ic  is  the  Species  of  a  Body, 
, about  together  with  the  Sun,  like  a 
;v,  running  thro' the  whole  Mundane 
:h  the  iamc  iwiftnefs  as  the  Sun  turns 
»out  its  Axis,  and  therefore  carries  along 
he  Planet,  fwimraing  as  it  were  in  this 
/e  are  farther  to  take  notice,  that  befidcs 
ory  Force  in  the  Sun,  there  is  a  natural 
iieii  in  the  Planets  to  all  Motion,  by 
:hey  are  inclined,  by  reafon  of  their 
to  continue  in  the  place  where  (hey 
:hac  there  is  a  conflict  between  the 
iwer  of  the  Sun,  and  the  fluggifli- 
K  4  aefs 
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neft  of  the  Planet,  arifmg  from  its  Matter. 
Both  have  their  (hare  in  the  Vidory  ;  the  for- 
mer moves  the  Planet  our  of  the  place  it  was  in ; 
the  latter  in  fome  meafare  difengages  its  own, 
that  is,  the  Planet's  Body  from  the  (hackles  it 
was  laid  under  by  the  Sun,  when  apprehended 
by  Ibme  part  or  other  of  the-circnlar  Virtue  ; 
namely  by  that,  which  immediately  fucceedi 
the  part  From  which  the  Planet  had  juft  difen- 
gaged  it  felf.  And  becaufe  this  Virtue  that  car- 
ries along  the  Planet,  and  flows  from  the  Sun's 
Body,  has  the  fame  degrees  of  weakncfs  at  dif- 
ferent di(lances,as Light  has;  this  VcAory  Pow- 
er, like  the  Suns  Illumination,  decfcafes  as  the 
diftance  from  the  Sun  increafes :  Wherefore  it 
will  carry  a  Planer  placed  at  a  greater  diftance 
from  the  Sun  more  flowly,  and  confcquently 
will  make  its  Periodic  Time,on  this  fcore,great- 
er.  Belides,  fince  a  like  \t€tory  Power  is  pro- 
pagated from  the  Body  of  each  Planet  moving 
about  its  own  Axis ;  this  alfo  will  carry  the  fe- 
condary  Planets,  which  it  finds  in  this  River  of 
its  immaceriaced  Vortex,afcer  the  (i^me  manner; 
and  they  will  never  leave  their  refpcdjve  Pri- 
mary,  becaufe  they  arc  carried  by  the  Species 
nf  the  Sun's  Body  about  the  Sun,  as  well  as  their 
Primary,and  together  with  their  Primary.  And 
upon  the  fimple  fuppofirion  of  thefe  things,  *tis 
evident  that  the  Primary  Planets  would  be  car- 
ried about  the  Sun  in  Circles  concentric  to  tlie 
Sun,  in  the  Plane  of  a  great  Circle  of  the  Sun 
lying  cxaflly  betwixt  its  Poles  j  and  that  the 
Secondary  Planets  would  Ve  carried  after  tHe 
fame  manner  about  their  Primary. 


Astronomy 


M7 


Proposition  LXVII. 
lin  how  Kepler  icAuctt  from  tiffiPrim^ 
tiyfbfit  tbt  TtrioSc  Tima  (*f  tbg  Vhntts 
\Hy  in  the  Scj^uiulur  Frcfcrtifu  of  thiir 
ties. 

chcfirft  who  ohferved  that  this  Pro- 
Id  in  the  Cccleftial  Bodies,  to  the  no 
Itageof  Aftrononiy  and  true  Phjfics ; 
It  in  the  Revolution  of  the  Primar>' 
mt  the  Sun,  and  ot  the  Secondary  a- 
•dpcdive  Primary,  the  Squares  of  the 
iimcs  had  the  fame  Proponton  as  the 
le  Semidiamctcrs  of  their  Orbits  or 
rom  the  bun  ;  taking  the  Mean  di- 
ahftradinp  from  the  Exccncricicy. 
inferred  from  his  own  Principles 
►Mowing  manner.    Since  the  Vcdory 
ieSun,(  whereby  the  Planets  are  car- 
fby  the  immareriated  Vortex  or  River 
.species,)  decrcafts  like  the  Lilumt- 
diftance  from  its   fountain  or  the 
Ming;  (that  is,  in  the  duplicate  ratio  of 
•es>)  and   only  exercilcs  its  Virtue  ao 
)  one  dimenfion,  namely,  in  Length, 
pry  Power  in  pioducing  this  Efie<!r^, 
parrying  the  llanet  round)  will  be 
nly  in  the  ilmplc  ratio  of  the  diftance 
lun  increafed ;  And  iince  (by  his  Ar- 
Voportionsjhe  makes  the  bulks  of  the 
bodies  to  have  the  (ame  ratio  as  their 
»m  the  Sun  ;  the  Vedory  Po^ver  of 
n\\  employ  equal  Forces  in  the  carry- 
|.  each  Planet ;  namely^  (o  much  grcat- 
ilccountof  the  greater  fize  or  magni- 
:  Planetjthat  the  Moving  Species  lights 
|he  Moving  Virtue  in  that  diftance  is 
tad  in  the  Ikme  laiio ;  namely,  of  the 
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diftance  from  the  Sun.  Again,  induced  by  the 
Geometrical  concinnity,  he  fettles  the  Quantity 
of  Matter  in  the  Planets  compared  with  one  a- 
nother,  in  the  fubduplicate  ratio  of  the  Bulk  or 
Magnitude;  (and fo  the  Denfity  will  be  in  the 
lame  fubduplicate  ratio  of  the  Bulk  or  Magni- 
tude reciprocally,)  that  is,  as  was  faid  before,  in 
the  fubduplicate  ratio  of  the  diftance  from  the 
Sun. 

Since  therefore  the  Periodic  Time  in  a  Pla- 
net, that  is  more  diftant  from  the  Sun,  is  great- 
er than  in  a  Planet  that  is  nearer,  bccaufe  the* 
Way,  (that  is,  the  Orbit)  is  greater,  and  be- 
caufethe  Quantity  of  Matter  to  be  tranfported 
is  greater,  (but  in  other  refpe^fts  equal,  becaufe 
equal  moving  Forces  are  employed  upon  them, 
as  was  (hewn  above,)  and  fmcc  the  greamefs  o^ 
the  Way  is  as  the  diftance  from  the  Sun,  and 
the  Quantity  of  Matter  as  the  fubduplicate  of 
that  diftance ;  on  both  caufes  conjoined,the  Pe- 
riodic Time  of  the  remoter  Planet  will  begreac- 
er,  in  the  ratio  compounded  of  thefe:  But  the 
ratio  compounded  of  the  fimple  and  fubdupli- 
carc,  is  the  fefquialter  or  fefquiplicace:  Where- 
fore the  periodic  Time  of  the  remoter  Planet 
will  be  greater  than  that  of  the  nearer,  in  the 
fcfquiplicate  ratio  of  the  diftanccs  from  the  Sunj 
that  is,  the  Squares  of  the  Periodic  Times  are 
as  the  Cubes  of  the  diftances  from  the  Sun. 
Which  things  are  to  be  underftcod  after  the  like 
manner  concerning  the  Secondary  Planets  re- 
volving about  their  Primary. 

Proposition  LXVllI 

TO  explain  tbt  Caufes  afftgned  by  Keplcr,  Hffh 
the  Orbit i  of  the  Planet j  are  Exccntric. 
Since  each  Planer  is  a  Body  cognate  with  the 
Jody  of  the  Sun,  having  one  p^rt  (like  a  Load 

ftone) 


is,  friendly  to  the  Sun,  and  the  o* 
ce  contrary.  In  the  coaveriion  of 
of  cbe  Suiij  this  Virru«  thereof, 
accratU  or  repels  (he  PUfict^  accord- 
friendly  or  ccntrjry  p^t  is  turn'd 
&  alio  turned  ;ibout ;  juA  ^  in  (he 
or  curoing  a  Load-ilone  rouad^  cho 
repelling  Force  is  transferred  to- 
it  pan$  of  the  W^orld.  And  when 
►14  of  a  Planet  by  chis  Virtue  of 
;thejr  atcrading  or  repelling,  or 
rtjfly  between  both,  it  carries  it 
ich  it^  for  it  retain$  it  both  by 
by  repellir-  -  --^  ^"  -^^raining 
round.    1  -floncs 

'O  Poles  or  Places  ot  diflerenc  Vir- 
oneofwliicli,  one  load-Aone  3t- 
Bl  after  a  certain  dirci^on;  but  by 
Ijepels  the  fame.  But  in  the  Hea- 
[are  fomething  otherwifc.  For  the 
p  this  a<^^ive  or  energetic  Faculty  of 
ll  repelling  a  Planet,  not  in  this  or 
t  parr,  but  in  all  the  parrs  of  it&  Bo- 
Ic^re  it  is  probable,  that  the  Center 

rf  the  Sun  anfwers  to  one  cxtremi- 
pole  of  die  I-oad-ltone  ;  and  the 
^e  to  the  other;  fince  it  atcra^  or 
tec  according  to  a  certain  (liredion^ 
that  place  on  its  furface  or  part 
)ut  by  the  whole. 

igs  being  thus  fettled,  'as  evident, 
ly  of  the  Planet  will  not  be  carried 
in  at  the  fame  didance  from  the 
iwhere;  but  while  it  turns  {^Ft^.  y8.] 
part  to  the  Sun,  it  will  come  nearer 
|.,tiU  the  Right  lines  drawn  accord- 
iredion  of  this  part,  (that  is,  the 
which  this  auraclivc  Virme  is  pro- 
i       ■    u    iv*  pagated 
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pagated  from  the  Sun,)being  almoft  every  where, 
parallel  co  thcmfclves,  are  no  more  inclined  to 
the  Sun,  but  a  Right  line  drawn  from  the  Sun 
to  the  Planet  becomes  a  perpendicular  to  thef^ 
fibres ;  in  which  cafe,  fince  the  Sun  does  at 
trad:  no  longer,  the  effect  of  the  attradion^ 
(namely^  the  accefs  of  the  Planet  towards  th© 
SunJ  will  ceafc,  and  the  Planet  will  then  ba 
in  its  ncareft  approach  to  the  Sun  or  in  its  Peri- 
helion. The  Planet  being  ftill  carried  about,  by 
the  above-defcribed  VeAory  Power  of  the  Siui,' 
its  unfriendly  part,  or  that  which  ihuns  the 
Sun,  will  by  little  and  little  be  dire^aed  to- 
wards the  Sun,  and  hereupon  the  Planet  will  be 
continually  repelled  from  the  Sun^  and  thsM 
will  be  continued  till  neither  of  thefe  parts  or^ 
places  be  inclined  towards  the  Sun,  but  a  Right 
line  conne<5Hng  the  Sun  andPlanet,would  agaiti 
become  perpendicular  to  the  Fibres  of  the  Vir- 
tue; and  then  the  Planet  will  be  found  in  it: 
Aphelion,  bccaufe  at  the  greatcft  diftance  that 
the  repelling  force  of  the  Sun  can  remove  the 
Planet  to,  while  ic  is  carried  about.  And  the 
Planet  being  librated  by  thefe  Fibres,  (o  as  to 
bcatnadcd  by  the  Sun  in  one  pare  of  its  Orbir, 
and  repelled  by  it  in  the  other,  deicrihes  an 
Orbit  about  che  Sun  indeed,  but  not  about  it 
as  its  Center^  bur  Excentric  to  the  Sun.  Again, 
becaufc  the  Species  of  the  Sun's  Body  commu- 
nicuing  a  Motion  to  a  Planet*  is  thinner  and 
weaker  in  a  larger  Circle  in  the  ratio  of  th 
diftance  from  the  Sun,  as  it  produces  this  cffe^^ 
(as  was  fliewn  in  the  precedine;  Propofuionj 
and  the  Planet  in  the  mean  while  continues  of 
the  fame  Bulk  and  Denfity,  becaufe  che  fame 
Planet :  Tis  evident,  that,  other  circumftsnccs 
continuing  the  fame,  the  Celerity  of  the  Planet 
is  leffen'd,  in  the  lame  ratio  with  che  conftipa* 
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nfity  of  the  Vcftory  Power  of  the 

,  reciprocally  as  the  diftance  from 
xchcr,  the  Virtue  of  the  Sun  that  ar- 
iropels  the  Planec  iiluing  alone  vir- 
proceeding  from  the  Center  of  the 
oing  round  cogerher  with  the  Sun, 
gtb  proportional  to  theCo-fine  of  the  , 
le.by  the  Radius  of  the  Sun  and  the 
idmirs  the  ^olar  Virtue  into  the  Pla- 
herefore  this  Excemric  Orbit  will 
i€t  Circle,  but  an  Ellipfe,  rarrow- 
leprefs'd  on  the  ildcs^  and  having 
\t  of  the  Foci. 

the  fame  Principles  he  fhews^  that 
lefcribed  about  the  Sun  in  the  I'o- 
manner  as  that  equal  Areas  are 
^qual  Times,  by  a  Radius  drawn  to 
l&ch  he  calls  the  Fecicr ;  and  univer- 
Areas,  which  this  fame  Radius 
are   proportional  to  the  Titnes 
aredcfcribed. 

lefe  libratory  Fibres,  by  the  help  of 
inets  are  librated  upwards,  always 
jwere  parallel  to  thcmfclveswhileihc 
4edin:ircly  round,and  (by  what  was 
^isfo  inclined  in  refpett  of  the  whole 

ithat  the  line  of  the  Apiidcs  of  each 
pen^icular  to  thofe  Fibres,  wliich 
ther  in  the  plane  of  the  Oibir,  or 
^t,  or  in  a  fituacion  parallel  to  it ; 
i  Axis  of  no  Primary  Plunet,  about 
tarnd  as  ic  were  by  a  diurnal  Mo- 
p  Pofition,  and  no  other  Line  but 
pd  Right  lines  parallel  to  it,  can 
^e  fituation  in  regard  of  the  Uni- 
jintire  Globe  of  the  Planec  be  folid 
'tis  evident  that  Kepler  was  obliged 
[(hin  thid  ^xtetior  Crud  of  the  Pla- 
net, 
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net,  (whoft  Axis  keeps  a  giVcii  P^firion,  name- 
ly, chat  about  which  the  Planet  is  turn'd  in  its 
Diurnal  Motion,)  a  Globe  intircly  feparate  and 
divided  from  this  Crufl:,  and  no  ways  yielding 
to  its  Diurnal  Motion,  whofe  Axis  and  RigBc 
lines  parallel  to  it  may  fuftain  the  Places 
of  the  faid  Libratory  Fibres,  and  coiiferve  the 
Pofition  neceffary  to  this  purpofe  defcribed  a- 
bove ;  while  the  exterior  Cruft,  according  to 
the  nature  of  each  Planet,  revolves  by  a  Diur-^ 
nal  Motion  peculiar  to  it  fclf.  .  . 

PRorosiTioN  LXIX. 

TO  exflain  the  Caufes  ajjigned  by  Kapler,  Ivhl 
the  Orbits   of  the  Flanets  are  inclined  to  tie 
Mclipttc, 

In  this  Kepkrian  Phyfics,  which  we  are  now 
Bpon,  if  there  were  no  Fibres  ffuch  as  we  iie- 
fcribed  in  the  preceding  Propofition)  in  the  Pla-^ 
iiets,  by  which  they  are  librated  upwards,-  or  if 
thefe  Fibres  turned  their  fide  to  the  Sun  ^  that 
is,  neither  that  part  which  was  friendly  to  the 
Sun,  nor  that  part  which  was  the  contrary ; 
each  Planet  remaining  at  the  fame  diftance 
from  the  Sun,  would  defcribe  a  perfeft  Circle 
concentric  with  the  Sun.  After  the  like  man- 
ner, all  the  Planets  (being  afted  upon  only  by 
Forces  arifing  from  hence  j  would  go  round  in 
the  fame  Plane  in  an  uniform  and  (fired:  Stream 
as  it  were,  in  the  middle  of  the  Channel,  (or  in 
a  Circle  lying  exadtly  between  the  Poles  of  the 
llevolutionoftheSun,called  by  himtbc  V'hJ  Rciia^ 
or  Royal  IVay,)  But  bec:iufe  they  wander  vanou- 
fly  on  this  or  that  fide  of  the  FlaRegia^tht  Caufb 
of  this  Effeft  muft  befomewhat  like  that,where- 
by  a  Ship  under  fail  is  thruft  to  one  fide  of  the 
line,  according  to  which  it  would  have  been 
moved  by  the  Wind  alone,  namely,  by  an  Oar 

held 
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sly  to  the  Stem,  or  by  the  Rnd- 
flnobliqac  poficion.  In  each  Flanet 
brcs  (which  he  calls  from  their  Of- 
ra  of  Lutitude)  always  placed  in  the 
OrHt,  or  parallel  to  ir,  and  which 
■ys  parallel  to  thenirelvcs  in  every 
or  motion  ot~  the  Plancc;  fo  that 
met  is  in  a  Node  or  common  in- 
f  the  Plane  of  the  Via  Rrii",  with 

fthe  Orbit,  the  middle  of  tlic  Fibre 
that  pafTcs  thro'  the  Center  of  the 
;hcs  the  Orbic ;  and  therefore  at  c- 
thefe  Fibres,  one  part  towards  one 
l^la  Rcgliy  tlie  other  part  towatfli 
le^  itands  without  that  Plane,  incli- 
the  fame  Angle,  as  the  Orbit  of 
to  the  tia  Rtgia,  When  therefore 
if  the  Sun*s  Body  meets  with  th;At 
Fibre^  which  is  behind  and  ftands 
[r  will  impel  the  Planet  that  way,  an 
/hich  isforemoft,  tends  towards  j  that 
ing  to  the  Plane  of  the  Orbif  proper 
met:  But  fmce  thefe  Fibres  of  Lad- 
ifiue  in  a  pofition  parallel  to  them< 
the  whole  Revolution ,  hence  it 
»aisj  that  in  a  Planet  placed  in  its 
,jateft  diftance  from  the  r^i  Rtiia, 
^emity  of  the  Fibres  go  foremoft,  but 
lireded  as  it  were  towards  the  bot- 
jvcr,  (that  is^towards  the  Sun,)  and 
icimpulfe  on  it's  iide  directly  oppo* 
fe  no  caufe  for  an  ejection  farther  any 
change  be  m^ide  in  thefe  points  ol 
as  that  the  excrcmiiy  of  the  Fibres, 
fbremoll  before  the  arrival  of  the 
le  IJmit,  may  now  go  behind,  the 
before  ;  and  for  that  reafon  the 

L:o  approach  again  towards 
the 
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the  Via  Itegia:  For  inftead  of  the  Power  of . 
the  Rudder  in  ^  Ship^  there  is  in  the  Planet  a- 
nother  Force  of  the  Fibres  much  more  fuita- 
ble,-  becaufe,  %s  the  Libracory  Fibres  have  a 
natural  Power  to  retain  a  parallel  fituation  in 
the  tranfportation  of  the  Body,  fo  alfo  there  is 
in  the  Fibres  of  Latitude,  befides  a  like  Power 
of  retaining  a  parallel  fituation,  andthernatu- 
ral  Power  of  agility,  or  of  preferring  the  fame 
Line,  and  of  deriving  according  to  the  diredi- 
on  of  it,  a  Motion  imprefs'd  upon  themfelveff, 
fo  far  as  the  Motion  tends  the  fame  way  with 
that  other  extreme  of  the  Fibre.  Becauk  thefe 
Fibres  of  Latitude  are  entirely  different  from 
the  Fibres  defcribed  above,  by  which  the  Sun* 
attrads  or  repels  a  Planet,  as  well  in  regard  of 
their  nature  and  office,  as  in  refpedl  to  their 
fituation  ;  for  the  Fibres  of  Latitude  are  every 
where  parallel  to  a  Right  line  touching  the  Or- 
bit at  the  Node  in  the  Via  Regiax  But  thofe 
others  (by  preced.  Trof.)  are  parallel  to  a  Right 
Line,  which  is  a  Tangent  to  the  Orbit  in  the 
Aphelium :  Thefe  Fibres,  according  to  Kepler, 
ought  to  be  found  in  different  Bodies,  fince  (in 
Kepler's  judgment)  the  Apfides  go  forward,  and 
the  Nodes  go  backward,  tho'  it  be  but  flowly 
in  the  Primary  Planets ;  and  'tis  certain  that  the 
fame  happens  in  the  Secondary.  Wherefore, 
■  befides  an  ejcterior  Crufl  furnifhed  with  Fibres, 
by  which  the  Axis,  about  which  the  Planet  re- 
volves by  its  Diurnal  Motion,  is  kept  parallel 
to  it  felf  in  its  whole  circuit  about  the  Sun,  he 
found  it  neceflliry  to  fuppofe  an  interior  Cruft 
(which  might  be  likea  Nucleus,in  regard  of  the 
exterior,)  intirely  feparate  from  the  former,and 
agitated  by  other  Forces ;  in  which  there  are 
Fibres,  by  which  the  Planet  may  be  librated 
upward  and  downwards :  And  within  this  Nu- 
cleus, 
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athcr  Crnft,  he  k  forced  rn  funrofc 
her  interior  Nucleui  ftj 

Kiiddle  one,  ;  -  '  '  nt 

hich'the  Fil  x- 

nee  ic  is  fmpoflible  that  t  Tc* 

!ving  different  Periods,  lauuiu  be 
and  che  fame  Solid. 

ROPOStTION    LXX. 

}Ht  anJr^utc  'very  hritfiy  tbt  mt^^ta 
to  be  found  in  the  Keplerian  Ctltfii" 

VrnJ  above- 

mdertakc  co  oppofe  KrpUr's  Olc- 
yet  we  don't  do  ic  with  fuch  a 
we  nmk'd  him  a  Perfon,  whofe 
Immortal  among  the  common  S^'- 
jhor  hunters  after  Phyfical  Caufes. 
lb  far  from  this,  that  on  the  con- 
faieonly  Man  ("excepting  pcrloaps 
r'Ancienrs,  asFphagorat,  &c '  who 
fcf  theCelcftial  Phyficsin  aMathema- 
Ir.  His  yireberjrpical  Ratios^  Geomttri- 
fw^and  Harmonic  Propor//c«/, fliew  fuch 
ienius  as  is  not  to  be  found  in  »ny 
■s  of  Phyfical  Aftronomy  before 
Jeremitrh  Horox,  a  very  competent 
ife  matters^  tho'  a  litrlc  averfe  to 
beginning  of  his  Aftronomical  Sta- 
iving  in  vain  tried  others,  entirely 
fh  KrfUp's  Dodrine  and  Phyfical 
IS  addreffes  his  Reader,  Kepler  is  w 
I  may  jnfily  mdmire  above  ail  Mortals 
call  him  Great y  Divine^  or  even  fome* 
fhtce  Kepler  is  to  be  valud  above  the 
f  Piiloftfhers,  Him  al&ne  let  the  Bttrds 
Wim  alone  let  the  Vbilofophers  Rejd  j 

1  of  tits,  tkfit  h<-whc  has  Keplcf,  has 
If  ...... 

L  For 


J 
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For  what  grcacer,or  more,  like  fomcthing  Di-. 
Vj/ie,  ccmld  happen  tea  Mortal  in  this  matter, 
than  by  thefe  Harmonic  Speculacions^exadly  to 
tleiermine  the  proportion  of  the  Orbits  of  the 
Planets;  ihim  to  be  the  firft  that  fliould  find  out 
the  true  way  of  the  Planet  about  the  Sun  (name- 
ly the  Elliptic;  )  and  iaftly,  than  to  Ihew  the 
true  mnnner  of  a  Planet's  Motion  in  this  way  ; 
viz,,  that  by  a  Radius  drawn  to  the  Center  of 
the  Sun,  pliiced  in  the  Focus  of  the  EJlipfe,  ic 
ilefcribes  Areas  proportional  to  the  Times  r  But 
there  are  fome  things  which  I  can't  approve  .of^' 
in  Kapler's  Mechanical  caufe  of  thefe  Motions, 
and  they  arc  thefc  following. 

1.  If  neither  the  Friendly  nor  the  Oppofire 
pare  of  che  Planet  be  turned  to  the  Sun,  or 
if  the  Planet  ("on  the  account  of  the  weak- 
nefs  of  the  Fibres^wherehy  it  is  libratcd  upwards 
and  downwards)  be  fo  difpofed^as  neither  to  be> 
attraded  or  repelled  by  the  Sun,  (as  it  happens 
in  Venusj  according  to  Kepler's  judgment;)  then 
he  would  have  ic,  that  the  Planet  defcribes  a 
pcrfed  Circle^  by  the  Species  of  the  Sun  which, 
is  carried  about ;  whereas  'tis  certain,  that  a  Bo- 
dy which  is  not  urged  by  a  Force  tending  to  a 
Center^  will  not  dcfcribc  a  Circle,  but  a  Right 
line.  Since  therefore  the  Orbiis  of  Planets  are 
Circular  even  in  this  cafe,  'tis  evident  that  they 
are  in»pelkd  towards  a  Center  by  foroc  other 
F'orce,bc fides  that  which  arifcsfrooi  the  obvert-^ 
ing  the  Friendly  part.  r 

2.  During  the  Planet's  afcent  from  the  Perj-r 
helium  to  the  Aphclium,that  part  which  is  Un-» 
friendly  is  turned  to  the  Sun,  and  confequent-, 
ly  is  repelled  from  che  Sun,  and  in  this  cafe  it  13^ 
xirgedonly  by  chnt  Force,  which  is  directed  a- 
long  the  Line  that  conneds  the  Sun  and  Pla-t 
ncr.     iiixt  'tis  well  known  in  Mechanics,  that 
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Upon  by  this  Force  alone,  wotxld 
from  dcfcribing  an  EUipfc,  baring  the 

rocus,  that  on  the  contrary,  it  would 
Currc   conTex    cowards  the  Sun. 
e  a  Pbner,  whofe  Orbit  is  an  EIHpfc, 
e  Sun  for  a  Focus,  muft  ncceflarily 
even  in  its  afcent  from  the  Sun,  from 
?lium  to  the  Aphelium,  by  a  Force 
the  Sun,  fince  an  Ellipfe  is  concare 
Foci.  Kepler  therefore ,muft  be  ve* 
of  the  way,  when  he  would  have  » 
ll'd  by  the  Sun,  in  its  afcent  to  tho 
>r  when  he  would  have  a  Planet  nci- 
*rd  nor  repelled,  when  it  describes  a 
le  about  the  Sun  concentric  to  it : 
both  cafes  it  be  actraded  or  other- 
id  cowards  the  Sun,  it  will  not  dc-  • 
X  concave  towards  it:  For  it  can't 
lus,  without  fome  kind  of  actraSion. 
(  enquiry  into  the  proportion  of  the 
Orbits,  he  aflumes  lome  things  plain- 
(Ito  Obfervation,  how  much  loever 
by  agree  with  his  imagined  Archi- 
R»s  :  As  that  the  Magnitudes  of  the 
todies  are  as  their  Difbmccs  from  the 
|iac  their  Denfides  are  reciprocally 
Roots  of  their  Magnitudes.  From 
Hows,  that  the  Quantity  of  Matter 
ts  is  direftly  as  the  Square  Root  of 
is  from  the  Sun :  Becaufe  the  quan- 
tr  is  as  the  Magnitude  and  Dcnfity 
But  every  Body  knows  chat  Mars  is 
Wian  Venus,  which  notwichftanding 
Ibis  big  again  asVenus,  according  ro 
Ining  J  becaufe  diftanc  as  far  again 
tin.     Obfervation  informs  us,  thsc 
f  Jupiter  is  bigger  than  Saturn,  tho' 
me  aforefaid  Rule  to  be  as  little  a- 
L  i  gain* 
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gain..   Notwithft^nding  he^  iwgbt-  deduce  from 
the. things  that  he.Knew^  aod6rft  .cUrcovercd^ 
(namely,that  the  Patji^pf  a  Planep  isthc  Perime- 
ter pi  an  Elliple,i  one  of  whofe  Focus's  is  in  the 
c!ienter  of  .the  Smj,  which  ic  fo  defcribes,  as 
that  ks.Radius  that  carries  it,  fweeps  Areas  pro- 
jaqr^ional  to  th.e  tiimes,)  without  the  confidera- 
tion  pf.  the  Magnitude  and  Denfity  of  the  Pla- 
jiet,  that.  the.  Periodic  .Times  of.  the  Planets 
revolution  about  a  common  Center,  are  in  the 
feiquipHcate.  ratio  of  their  g^&iter  Axes,   ox 
mean  diftances  from  the  Sun.    But  it  is  pro- 
Jbabie  that  Kepkr  deduced  the  Proportion  of  the 
Planetary  Ocbits,.  and  their  Number,  from  the 
ittteryals  necisffary  for  the  interpofition  of  five 
leguiar  BodieS:^  and  that  he  afterwards  afligned 
to.them.:fuch  Magnitudes  and  Denfities,  as  he 
could:  dr^w  this  fame ,  proportion  from  by  ana* 
ther  Method.  f 

4.  Not  to  fpeak  pf  his  Virtue,  which  has  too 
little, of  Mechanifm,  and  too  great  an  affinity 
to  an  Animal  Power,  which  he  ogives  to  the 
l^ibres  of  Libr^tion  and  Latitude  in  the  Planets; 
j(t;o  the  latter,  natural  power  of  Agility,  but  to 
the  former,  in  one  part,  an  inclination  towards 
the  whole  Body  of  the  Sun  j  in  the  other,  a 
flight  from  it  J  5  and  the  divifion  arifing  from 
hence.of  every  Planet  into  a  Shell,  and  a  Kernel 
feparate  from  the  Shell,  and  librated  in  its  ca- 
vity, in  a  different.Period,  and  in  fome  another 
Nucleus  jvithin  the  former. 

Not  to  mention,  I  fay,  thefe  things,  which 
liave  but  little  of  Mechanics  in  them,  and  fo- 
reign to  ihe  Method  which  Nature  ufes,  Kep- 
Icrs  Syftem  about  the  manner  of  the  Sun's  car- 
rying round,  attrading,  or  repelliiig  the  Pla- 
nets, is  founded  upon  what  is  contrary  to  one  of 
.the  chief  Laws  of  Nature  and  Motion,  whereby 

care 
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Ujf  A  s  T  R  r>  »  OV  ti\  V     i<4^: 

Pbchat  there  be  a  Ktn^oo  nTwi^c 
tnd  equal  to  any  Articn.  For ; 
flcr,  in  Epir,  Book  4V.  ,7cif  ^'ir;;^^  */ 
jjt  ylttra&iQrp  h  not  iw   the  Plmutstitm*  : 

Wfoiii^er  dfthc  5«"*  ^  exunJcJ  t^f^frtJ  tjf^  • 

"^Ssm  and  ..,  ^  were  u  fb^hb' 

tic  fitf  5(W  V  (?;(.i-  '-  '■    ' 

;/;*  Center  of  the 
'ocal  fatio  of  sbcir  Hodiif^i  tr  at 

Sit>s,6jvht  !'•'•■'••■  "'  ■■• 
Ucly  j^f  cs  riJ  ot^  l 

KepieT  here  ImU  ioi^oc  liie  true 


„.w   . 


rVj  chac  h^ 
e^  in  1 


,1 .». 


j#^*/|j  Mars,  I"  'tXiOll^A; 

ji  a  mulit^il  ..jj^ ,,  ,  or  ccn^- 

)dies  that  nn  (8-^'n  (q  ppe  anpfbcr.  Thaf 
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'  in 

vthnul  tv  tbt 

toe  M 

C/V, 


Ftft)  three 


ti 

a  lengili  rteifrv. 
iLe  cticY  ■  Stf  lo^i 
\ot   retain  d  c.;cu  /v 
ijeend  towiii 

towtirds  itJt   h. 

[ftrxwi,  tf J|i  ibey  vjouU  both  meet  there ; 

W/?W«C€  cfh'^'^'  *-  '•'  of  tbe  fitrte  flen'' 

Md>)%  draw.  '.ffen  of  the  Ttr^ 

p^   fr^m.  wj^ice   arises  a  fiffXy  ^her^ 

fof  the  0<4An    are  hroaitjt,  and  afford, 

kcipricjtiofi*     And  if  the  E  rtb  jhovld 

P  Sov^^trdt  it  ■  ''idsj  the  IVa* 

iwonU  lfc,ra:,~^-  ^:„i  j..  ^  la^f^Tjds  the 
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M9on,    Nor  did  he  fcarhinifdf,anfwcrmg  the 

difficulties  above-mentioned,  about  the  titubati- 
on  of  the  San,  and  its  removal  out  of  the  Cen- 
ter of  the  World  j  where  he  fpeaks  after  the  fol- 
lowing manner  :  For  [»  great  is  the  bulk^  fo  great 
she  dtnfity  of  the  Matter  cftbe  Body  of  the  Sun,  and 
fo  great  the  attraBl've  and  refuljtve  Virtue  of  it;  en 
He  contrary f  fuck  "  ^^t  fmaJbtefs  both  of  the  TLnet 
and  its  rgnitence,  that  the  Sun  is  in  no  danger  of  be^ 
ingrentwed  out  of  its  flace. 

From  what  has  been  deKvcr'd,  'tis  evident, 
how  near  this  great  Philofopher  and  Aftrono- 
mer  was,  to  the  finding  out  the  true  Coekftial 
Phyficsj  (who  even  in  Eftt,  Afiron.  Book  f .  §  i. 
had  faid.  As  the  Sun  attratfs  the  Planet,  fo  the 
iBartb  attraffs  Bodies  j  on  the  account  of  which  at" 
traBion,  the  Bodies  are  faid  to  be  hea'vy,)  and  how 
much  aflidance  he  has  given  in  this  macrcr,  an4 
how  rightly  he  Prophefied,  when  he  faid.  The 
true  Caufesy  ^antitits^  and  Dirt^ions  of  the  Mm^ 
ens  of  the  Affides  and  N§des  of  the  Planets,  and  other 
it$atters  of  thh  kind,  remain  in  the  Tandethofthe 
fiUoiving  Age,  not  to  be  undetftood  before  the  Dit/ine 
.Being,  tie  difpofer  of  Times  and  Seajons,  hat  opend 
this  Book  to  Mortals. 

Proposition  LXXI. 

TO  explain  briefly  and  fummarily  the  CartefiSO 
Cateftial  Thyfics,  or  the  Caufe  and  Reafon,  is^'iy 
the  Planets  are  carried  round  the  Sun,  which  Rena- 
tus  des  Cartes  invented- 

■  Such  as  have  endeavored  to  find  out  the 
Phyfical  Caufcs  of  the  Cccleflial  Motions,  haVe 
all  of  them  fought  them  in  the  Sun.  For  thd 
Rotation  of  the  Sun'  in  his  Space  about  an  im- 
movable Axis,  the  fame  way  tiiac  all  the  Planets 
take  and  follow  m,  and  that  in  a  (hotter  Pcri^fc- 
od  than  chat  of  Mercury,which  is  the  ncareft  to 
fiitn^and  cvciy  other  Planet  in  a  greater  period, 
'  as 
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er  from  the  Sua  ;  and  chc  Rotation 
aryPtanecs about  tUeir  proper  Axes^ 
tSccondaiy  again  abouc  thcfc  Priniaiy, 
lofe  Primary  revolve  about  the  ^un  ; 
rds  the  fame  coafl  of  the  Heavciii,axiJ 
n  the  fame  Plane,  have  the  hiji^hcft 
if  probability.  And  thcfc  Phxnumc- 
flflioly  befpcak,  either  chac  all  clu» 
f  the  Primary  Planets  arifes  from  tba 
rjon,  or  at  kaft,  that  both  of  them  tic- 
one  connmon  Oinfe.  Hence  ir 
,  that  fereral  Philofophcrs  thought 
were  carried  by  the  jEcher,  whirld 
un  by  a  Vorcex  or  Whirl-p  [ 

fore  Carres,  or  even  EpUuvi..     ^  .„  .-, 
who  was  better  acquainted  with 
s  of  the  Stars,  faw  well  enough  that 
not  be  carried  about  bv  any  matc- 
s:  For  if  the  Planets  Iwimming  in 
of  the  Vortex,  and  as  ic  were  at  reft 
carried  about  together  wich  thp  parts 
Tcx,  he  faw  that  they  would  dcfcribc 
rclcs,  and  have  other  periods  in   rc- 
leir  dii\ances  from  thi:  Center,  than 
f  Obfervarion  agree  ro  them.     He 
fHiher  chofe  to  fubftlcute  the  immate- 
Dies  of  the  Sun's  Podjjinftcad  of  Mar- 
1  about  Uke  a  Vortex,  yet  calling  it  by 
rfthc  CaltjHal  P^ortex  and  Ri-vtr.     Cut 
Cartes,  making  light  and  taking  no 
ff  rfiefe    niceties    and    Aftronomical 

Pns,  and  being  refolvcd  co  frame  a 
)ught  in  Vortices  again;  together 
jpular  way  of  reprcfcnting  rhc  moti- 
B  Stars.    And  tho'  Vortices  were  intro- 

Ithe  Heavens  by  others  before  Cartes, 
een  made  ufe  of  by  others  fince  him, 
I  into  other  lerviQc^  yec  they  retain 


i 


Caruts  NamCi  *  We  fhall  therefore  briefly  dc- 
fcribe  this  Syftcm,  fo  far  as  ferves  our  purpofe, 
in  Carta's  Words,  out  of  the  Thini  Parr  of  bis 
Trlncifles  ofPhrlofofhy, 

Cartes  fuppofcs  then.  That  all  the  Matter  of 
which  the  villble  World  is  made,  was,  in  the 
beginningof  Things,  divided  by  God  into  Par^ 
tides  very'ne^rly  equal,of' a  moderate  lize,  and 
equally  moved,  not  only  each  about  its  pn>- 
per  Center,  and  feparately  from  one  another, 
fo  as  to  conipofe  a  Fluid  5  but  feveral  alio  about 
fome  other  points,  in  like  manner  remote  from 
one  another,  and  fo  they  compoled  various  Vor- 
tices. Afterwards  he  refolves  thefe  equal  Par* 
tides,  worn  a  little  by  their  inteftine  motiot^ 
into  Globules  of  different  Sizes,  all  which  he 
calls  Particles  of  the  fecond  Element,  and  a  part 
of  a  Fluid  form'd  out  of  the  irregular  minuce 
parts  rubbed  oft' from  the  corners  of  the  Glo* 
bules,  and  moved  always  with  a  very  great  ra- 
pidity, he  calls  the  Matter  of  the  firft  Elcmenc. 
Now,  there  being  more  of  this  fort  of  Matter 
than  was  neceffary  to  fill  up  the  incerAicesof 
the  Globules,  what  remained  was  thruft  down 
towards  the  Center  by  thefe  Globules  receding 
from  their  Center,  by  rcafon  of  their  circular 
morion,  and  being  there  collc^cd  inio-a  Sphc;- 
rical  Body,  conftirutes  the  Bddy  of  the  Sun  in 
the  Center  of  each  Vorccx.  Beftdes  this  equal 
Motion  impreffed  originally  upon  rhcfe  Parti- 
cIes,aboutthe  Center  of  the  Vortersthe  Sun,fuft 
form'd  in  the  center  of  thcVortex,  and  revolving: 
'about  its  own  Axis  the  lame  way  with  thercfl  of 
the  Mait:r  of  the  Vortex,  and  always  emirdng 
fomcof  it  felf  along  the  narrow  palTages  that  arc 
wichin  the  Globule^  of  the  fecond  Element  to- 
w;irds  the!  ciiptic,or  Circle  lying  juft  in  the  niid- 
dic  between  the  Poles,  f  receiving  ;u  much  at  its 

Poles 
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K  tU^  neighibfiiuunS  Vortices,  :»5  u  «-i 
power  of  carrying.  U>gle  Qlobdlc^ 
it}  tholi:  nearer  -  ■'•-»'  -    »    -    >-   f% 
ff,  (lower.  .  hut  iu. 

C  Matter   aa^  kcr  ihaii 

''""-V  '-■'-'        .-  io  be  left, 
u*^  they  would 
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And  ;a[l  thefts  pauiculars  will  bo 


wine 


being  as  to 
cLjrn,  or 


. equal       iliclc  hi.> 
►pbc-:-  :ibouc  the  O 

things  ocuig  luppuicu,  u  any  ^«r, 
/^  placed  in  ^hc  ccncer  ot  its  Voncx, 
^tiice  of  a  Sun,  (hould  happen  to  be 
:h  Spots,  and  by  that  me:u»s  weak-. 
tp  be  overcome  and  carried  along  by 
ourinpt  Vortex  of  the  Sun;  if  this 
capable  of  a  lefs  degree  of  agtcauon, 
folidity  than  the  Globules  uf  the 
fment  char  arenear  the  circumfcrcnco 
tex,  yet  fomcthing  more  chan  Ibme 
wch  are  nearer  the  Sun;  we  arc  to 
tliat  this  Scar,  fo  foon  .ss  'tis  arrived 
[lOrtcx  of  the  ^un,  ought  to  deJcend 
towards  its  Center,  till  it  arrive  to 
3liftl  Glvbulcsa>  it  isequil  to  in  fuli* 
ipiitude  to  perfevere  in  ics.  motion  a*- 
St  lilies.  And  when  it  has  ac  laft  got 
^will  neither  approach  nearer  to  the 
j^et  farther  off  from  it,  unUfs  it  be 
Lpropelled  from  thence,  by  fome  o* 
}^  afterwards  to  be  rclxced  ;  Bur  being 
yfj,iih  ciiofc  Ccflcftial  Globules,  will 
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revolve  about  ehc  Sun  with  them,  and  become 
a  Planet.  Every  one  of  them  therefore  is  at  reft, 
in  that  part  of  the  Heaven  where  it  h;  and  all 
the  variation  of  fituation  obferved  in  them,  only 
arife  from  the  motion  of  the  matter  of  Heavens 
or  Vortex  that  contains  them.  According  to  this 
Syftem  then,  nothing  hinders  us  from  imagin- 
ing the  Space,  in  which  ac  prefent  the  fmglc 
Vortex  of  the  Sun  is  contained,  to  be  ac  firft  di- 
vided into  feventeen  or  moreVortices ;  and  that 
they  were  Co  difpofed,  that  the  Stars,  which 
they  had  in  their  Centers,  were  by  little  and 
Httle  at  length  covered  with  feveral  Spots,  and 
then  thefc  deftroy'd  by  other  Vortices,  the 
one  quicker,  the  other  flower,  according  to 
their  different  fituation.  So  that  fince  thefc 
four,  in  whofe  Centers  were  the  Sun,  the  Earth, 
Jupiter,  and  Saturn,  were  bigger  than  the  reft, 
the  Scars  which  were  in  the  Centers  of  the  five 
Icffer  that  ftood  about  Saturn,  defcendcd  to- 
wards Saturn  ;  and  thofe  in  the  Centers  of  four 
others  about  Jupiter,  towards  Jupiter  ^  in  like 
manner  the  Moon  near  the  tarth,  towards  the 
Eartb :  Afterwards  Mercury,  Venus,  the  Earth, 
with  the  Moon,  and  Mars,  (each  of  which  Stars 
alfo  formerly, had  a  Vortex,)  towards  the  Sun  ; 
and  at  length  Jupicer  and  Saturn,  together  with 
the  lefferStars  about  them,funk  together  towards 
the  Sun,  much  greater  than  chemfelves,  after 
Iheir  own  Vortices  were  dcftroyed  .-  But  the 
Stars  of  the  other  Vortices,  if  they  were  ever 
more  than  feventcen  in  this  Space,  pafs'd  a- 
way  into  Comets,  moving  almoft  in  a  Right 
line  out  of  one  Vortex  into  another,  and 
never  returning.  So  that  now,  fince  we  Tec  the 
Primary  Planets  carried  at  difFercnr  diftanccs 
from  the  Sun,  we  are  to  judge,  that  this  hap- 
pened, becaufe  the  folidity  of  luch  of  them  as 

are 


er  the  Sun,  is  kfs  than  thuc  of  rhofc  that 
eroff:  And  that  from  hence  it  cume  to 
It  the  fame  part  of  the  Moon  «  turn* 
rds  the  Earth,  or  at  Icaft  df>e5  notdcfcd 
jtn  itj  becaofe  its  other  p^n,  which  h 
rem  the  Eanh,  15  fomcthing  mort:  folid; 
:  in  moving  round  the  Lanh  ought  to 
a  greater  compafs.    And  fince  we  ftc 
rior  of  thofe  h!{j;her  P!anecs  to  rno\'c 
uicker,  we  ftill  judge  it  to  ^rlfc  from 
:hat  the  Matter  of  the  ftrft  Elcmcnr, 
ompofes  the  Sun,  by  whirling  roDnd 
wdly,  carries  along  with  it  the  nearer 
ic  Heaven,  and  the  P!ancr>  fwimming 
livhich  are  there  reh'ivciy  at  reft,  bct- 
te  more  remotc.Jupitcrjthe  Earrh,^r» 
Ibouc  their  own  Axes,  bccaufc  they 
lerly  lucid  Stars  placed  in  the  Centers 
)rtices,andr.odoubcgyrating  there  like 
^flnd  even  now  the  Matter  of  the  firft 
lollatcd  in  the  Centers  of  them,ftill  rc- 
ame  Motion,  and  impels  them. 
,  we  are  not  co  think  char  :ill  the  Gen- 
ie Planets  are  always  accurately  in  the 
ne,  nor  the  Circles  they  dcfcribc  per* 
compleat :  Bur,  as  we  fee  it  h:ippcns 
er  natural  things,  only  nearly  fb,  and 
crpetually  changing.     For  fince  all 
that  are  in  the  Univcrfe,  arc  conti- 
ad  upon  one  another,  the  motion 
pendsupon  the  motion  of  all  tiie  reft^ 
fore  varied  innumerable  ways.     On 
ount  we  find,  that  tho'  all  the  Planets 
Circular  Moiion,yet  none  of  them  ever 
Circular  ones^bucalways  err  fomethirg 

E  Longitude  and  Latitude. 
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Proposition  LXXIL    Lemma. 

IF  two  Bodies  revolve  about  the  fixfne  .Axe,  in  the 
fame  dlfiancefrom  the  Axe ^  and  twp  other  fiodies 
Uhwife  in  any  other  di fiance ;  I  fay,  the  ratio  ofj:be. 
difference  of  the  Angular  Motion  of  the  former  Bodies^ 
to  the  difference  of  the  Angular  Motion  of  the  latter^ 
is  compounded  of  the  ratio  of  the  tranjiation  of  the  for^ 
mer  Bodies  from  one  another,  to  the  tranpnion  of  the 
latter  Bodies  from  one  another,  and  of  the  ratio  of  the 
difiance  of  toe  tatter  fiom  the  Axe,  to  the  difiance  of 
the  former  from  the  fame. 

The  Angular  Motion  is  that  by  which  the 
Angle  is  formed  at  the  Axe  about  which  a  mo- 
tion is :  Hereupon  they  are  faid  to  have  the  fame 
or  equal  Angular  motion,  that  being  placed  ac 
any  unequal  diftance  from  the  Axe,  make  equal 
Angles  at  the  Axe,  in  the  fame  or  equal  Times: 
And  the  difference  of  the  Angular  Motions  is 
the  difference  of  the  Angles  formed  at  the  Axe 
in  the  fame  Time  by  the  Bodies. 

At  the  fame  diftance  from  5  [Ftg,  ^9.]  the 
Axis  of  Motion,  let  there  be  two  contiguous 
Bodies  A  and  B  *,  likewife  two  others  C  and  D. 
I-et  them  afterwards  be  moved  any  how,  and  fc- 
parated  from  one  another  i  namely,  A  in  *^ 
and  in  the  fame  time  Bin^y  C  in  >,  and  D  in  A 
*Tis evident  (  fromFrop.  5J.  Elem.  6.)  that  the 
difference  of  theAngularMotions  of  the  twoBo- 
iiQsA  and  B,  (namely  the  Angle  '^5.5)15  to  the 
(lifFerence  of  the  Angular  Motion  of  the  two  o- 
ther  C  and  D  ("that  is,  the  Angle  AS  y)  as  the 
tranHation  of  the  two  former  from  one  another, 
(or  the  w^y,  vvhereby  the  one  is  transferred  from 
the  ■  other,  namely  «t  /S,  )  to  j^  >-,  the  tranfla- 
tion  of  the  two  latter;  that  is,  if  the  diftances 
are  equal,  the  tranflations  arc  as  the  differences 
of  the  Angular  Motions.  Again,  it  at  any  un- 
equal diftances  from  the  Axe  6,  the  two  conti- 
guous 
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;s  A  and  B,  and  the  two  other*  E 
c  (b  moved  into  cl>c  places  «,  iff,  and  i,  f, 

diiforcnccs  of  the   Angular  Morions 

t  Angles  «  5  ^,  «5  ^J  be  equal  5  then  will 

;;.  EL  ^.)  the  Trandations  <  ^1 1 »,  be 

"tanccs  Syf,SE,    And  therefore  fby 

^rtw.  6. )  if  neither  the  diftanccs  from 

»rche  differences  of  Angular  Mocioa 

the  ratio  of  the  Tranfla:ions  will  be 

led  of  the  ratio  of  the  differences  of 

vtVdt  Motions,  and  of  the  ratio  of  the 

l^from  the  Axii :  And  therefore  (taking 

both  fides  the  ratio  of  the  dillanccs 

.xe,)  the  ratio  of  the  »'*"'         es  of 

ir  Motion  is  compounds  c  Ji- 

if  the  cranflations  of  the  Bodies  from 

ler,  and  the  reciprocal  ratio  of  the  di* 

jpm  the  Axis  of  Motion.^  £.  !>. 

,0  S  I  T  I  0  N      LXXm.     L  E  M  M  A. 
irvf  DCr  (Fig.6. j  i'e  fo  relaitd  toiafnrjti 
n  line  A  'E.^ffoduced  inftnittly  tffWArds  £^ 
yendicuUr  C  B,  let  fall  from  any  ^int  tf 
to  A  E,  //  reciprocallj  at  the  Cuie  tf  tit 
(Ah,  Ifftcrcepted ietweenB  and  \  a  fo'mt 
Rigbt  line  E  A,  the  infinite  fpace  B  C 
\i*jd  between   the  Rig,^'   !i^<f  C  B^  B  E, 
T  C  E,  a/'i//  be  reeifrccaO)  tsj  the  S^imts 
line  A  B. 

^B,  .v;  BC,  j\  and  bccaufe^  is  as  --- 

y=:-T  drawn  into  a  certain  conftant 

'able  Quantity  ;  let  chat  be  /2+,  chat  the 
;iomogcnity  may  be  obferved  ;  chai  is, 

J  =yy*  X- '.    And  therefore,  the  fum 
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of  all  the  /$  (or  the  Flowing  Qpantity  whofe 
Fluxion  is  y,  or  its  value  a'^x—^  )  will  be 
— Irf'*:^— ^ :  That  is,  as  i$  known  co Geometers^ 
tliQ  Area  chac  lies  on  one  ilde  of  che  Line  Be  , 

namely  die  Area  SCEE,   is  equal  to-^ — -. 

And,  bccaufc  -Irf-*  is  a  given  quantity,    the 

Area  BCEE  will  be  as  — p;  that  is,  rcci^ 

procally  35  the  Square  of  the  Right  line  y^j?» 
©r  the  Area  BCEE  is  to  che  Area  bcEE,  at 
^4»  zoJB\    ^E.  D. 

Proposition  LXXIV.    Lemma. 

IF  two  centigHQttf  BvdUs  (lide  ene  upon  the  other, 
and  the  fatnc  bt  done  in  two  other  Bodies^  prejfed 
hy  the  fume  Force  as  the  former  towards  one  another  • 
I  fay  the  imfrejjkn  made  by  the  friUion  of  the  former 
ufon  one  another,  is  to  the  like  impreljion  of  the  Utter, 
in  a  ratio  compounded  of  the  ratio  of  the  tranflaticn  of 
the  former  to  the  tr.wJiation  of  the  Imtir,  and  of  the 
ratio  of  the  SuperficitSy  wherein  the  former  touch  one 
another,  ts  the  SuperftcieSyWhetein  the  latter  tsuch  one 
amtbtr  i  namely ^  wherein  the  imprefliflns  arc  made. 

If  the  contiguous  Surfaces  were  pcrfeftly 
fmooth,  there  would  be  no  imprefBon  of  the 
Bodies  upon  one  another,  while  they  flidc.  Tfa 
evident:  that  this  fuppoficion  is  very  natural,  that 
die  reliftance  arilixig  from  the  defe<ft  of  fmooth- 
ncfs  in  che  parts>  is  (other  things  being  alike  } 
proportional  co  the  Velocity  whereby  the  parts 
arefeparaced  from  one  another  ;  that  is,  if  the 
contiguous  Surfaces  are  equal,  chatche  refiftancc 
and  the  impi'cflinn  of  the  Bodies  upon  one  ano* 
cher  ^filing  trom  thence,  is  proportional  toth^ 
relative  Velccicy^  ox  to  wh:uisin  a  given  Time  ' 
proponional  co  ir,  the  tranflation  of  the  Bodies^ 
Buc  if  che  Tianflaiions  or  VelocLies  wherewith 

the 
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i  are  feparated  from  one  another)  are 
iie  Rel'iiUnces  or  ImprctCons,  arc  as  the 
ies  wherein  the  Bodies  two  by  two 
le  another. 

therefore,  fincc  neither  the  Supcrficicj^ 
nflations  are  equal;  tho'  all  the  reftare. 
Force  prcfliog  the  Bodies  towards  one 
the  want  of  imoothnf.  fsjti^-f.jthc  Imprcf^ 
ich  the  Bodies  cwo  by  two  make  iipon 
theti  arc  in  a  ratio  con^poanded  or  the 

E'  e  contiguous  Surfaces,  and  of  the 
kc    tranflacions    from  one  another. 


PROPosiTroN  LXXY. 

Sff3<r(  rcuQhtt  in  •(»  uwform  and  in* 
uid^  about  an  Axe  gs'Vtn  hj  f$fition^  wi$k 


h  Motion,  Mnd  by  tht  fole  imfulft  of  it  a 
no'ved  sircularlyy  and  each  fart  pftlh  Flu* 
re  unifirmlj  in  its  motion  t  I  faf^  tht  Ft* 
ma  of  the  parts  of  tbc  flmd,  art  as  :b$ 
^  thg  Dijldtn€s  jrom    tin  Center  rf  th$ 

5  H  iFig,6j.']  reprefenta  Sphere  revot- 
fbrmly  about  the  Axis  5.   Lee  the  infi-^ 

of  the  Sphere  fprtading  about  every 

eived  to  be  divided  into  innumera* 

eric  Orbs  of  the  fame  thicknefs^every 

ihich  conftdered    alone  is  Solid;  \ft 

xpreffed  by  the  Circles  EFK,CGL^ 

Becaufe  the  Fluid  thus  divided  is 

o  be  homogeneous  J  ^that  is,  all  its 

lly  compref>'dj)ihe  impreffions  of  the 

ius  Orbs  upon  one  another  (by  the  pre- 

I0ia)  are  as  their  tranflacions  from  one 

I  and   the    contiguous   Superficies    in 

E'"   ns  are  made  conjundly.    If 
any  Orb  is  greaccr  or  kfs 
t,  than  on  the  Convex  part,  . 
: ' 
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the  ftrbnger  Impreflion  will  prtvaif,  and  either 
accelei^ate  or  retard  the  yelodty  of  the  Orb,  ac- 
cording ^s  ir  is  ditefted  towards  the  fame  way 
withies  Motion, or. a. contrary.  Wherefore/ince 
(  by  fuppofition  )  a  Fluid  perfeveres  uniform- 
ly in  its  motion;  the  Inipreffions  made  on  both' 
parts  of  each  Orbit' towards  the  contrary  ways, 
are  equal;  and  therefore  the  ratio  which  is  equal 
to  the  ratio  of  the  Impreffions,  (namely  the  ratio 
compounded  of  therario's  of  the  trahflations  and 
contiguous  Surfaces)  is  alfo  a  ratio  of  Equality. 
Confequently  the  Tranflations  are  reciprocally 
as  the  contiguous  Superficies ;  that  is,  recipro- 
cally as  the  Squares  of  the  dillances  from  the 
Center ;  But  (by  Trop,  72.)  the  differences  of 
the  Angular  Motions  are  as  the  Tranflations  di- 
reftly,  and  the  diftances  from  the  Center  of 
Motion  reciprocally:  And  therefore  the  faid 
diiFerences  of  the  Angular  Motions  of  thefe  con- 
centric Orbs,  are  reciprocally  as  the  Squares  of 
the  diftances  from  the  Center,  and  reciprocally 
as  the  diftances  from  the  Center ;  that  is,  reci- 
procally as  the  Giibes  of  the  diftances  from  the 
Center  conjun6t}yi  If;  therefore,  upon  all  the 
points  of  the 'Right  line  S  Z  drawn  from  the 
Center,  where  the  cx>ntiguous  Superficies  of  the 
concentric  Orbs  cut  that  Line  fnamely,  J^ByC, 
D/  &c.)  perpendiculars  to  5  2  be  ereded,  A  a, 
Bby  Ccj  DJ^&c*  reciprocally  proportional  to  the 
Cubes  of  S  A,  S  B,  S  C,  S  D,  &c.  thefe  Ordi- 
nates  willte  refpe^ively  as  the  faid  differences 
of  the  Angular  Motions  of  the  refpedive  con- 
centric Orbs,  and  the  lum  of  thefe  Ordinates, 
as  the  fum  of  the  faid  differences ;  that  is,  (fince 
the  cutmoft  or  irifinitely  diftant  Orb  is  not 
moved  at  all,)  as  the  whole  Angular  Morions. 
If  now  the  thicknefs  of  thofe  Orbs  be  leifen'd 
in  infinitum  (by  which  means- the  Medium  fpread 

round 


I     (?/  A  S  T  R  O  N  O  M  Y.'  I  tf  I 

tmt  becomes  fo  far  uniformly  fluid,)  the 

the  forefaid  Ordinaces   will  become 

;  AZ  a,  BZ  b,  C  Zc,  D  Z  d,  &c.  and 

tire  Angular  Motions  of  the  Orbs  li  K 

.,  D  MNj  &c,  are  as  the  Areas  BZh^ 

Z  Jy  &c,  refpcdively.    But  in  the  Ti- 

J#,  the  Ordinates  Bby  Cc,  DJy  6^c^ 

aDcally  as  the  Cubes  of  the  Right  Hjies 

\S  Dj  &c.  from  whence  fby  Frop.  75.) 

'BZhy    CZcy    DZJ,  &c.  are  reci- 

3  the  Squares  of  the  Right  lines  S  By 

&€,  And  therefore  the  Angular  mo- 

e  Orbs,  BFKy  CGL,  DMN,   &c. 

)cally  as  the  Squares  of  their  Semidi- 

B,  SC,  SDj  &c.     But  the  Periodic 

reciprocally  proportional  to  the  An- 

ons :  Therefore  the  Periodic  Times 

s  BFKy  CGLy  DMNy  €^c.    are  in 

[becaufe  the  reciprocal  of  the  inverfc) 

e  Squares  of  their  diftances  from  their 

namely,  of  the  Right  lines  SB,  SC, 

And  therefore  the  Propofition  is  evi- 

s  medium  of  the  Sphere  circumfufed 

i  to  confift  of  innumerable  thin  con^ 

d  Orbs.    But  if  there  be  fuppofed  to 

I  vaft  number  of  infinite  Right  lines 

;h  the  Axis  Angles  mutually  exceed-^ 

nother  by  equal  excelTes,  and  thefe 

beingrevolved  about  the  Axis,  and  dc- 

•nio  Superficies, Orbs  be  imagined  cut 

erable  Rings ;  each  of  thefe  Rings  will 

>thers  contiguous  to  it,  one  internal^ 

:ernal,  and  two  lateral,   cut  out  of 

rb.   By  reafon  of  the  attrition  of  the 

d   exterior,  the  intermediate  can't 

ny  otherwife  than  formerly,  before 

ere  cut :  otherwife  the  parts  of  the 

not.perferere  in  their  motion  uni-* 

M  formlv 
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formiy;butthe middle  one.  would  be  accelerated 
and  retarded  in  their  motion,  (as  was  Ihewn  be- 
fore in  the  intire  Orbs,)  contrary  to  the  fup- 
pofition.  And  therefore  any  feries  of  Rings 
going  on  diredly  from  the  folid  central'Sphere 
in  infinitumy  and  comprehended  between  the 
two  next  Conic  Superficies,  will  be  moved  af- 
ter the  fame  manner  as  thefe  were  moved  be- 
fore the  divifion  of  the  Orbs  into  Rings ;  bating 
what  hindrance  each  Ring  In  this  Series  meets 
with  from  the  attritionv  of  the  Rings  laterally. 
But  here  the  attrition  is  nothing  at  all,  becaufe 
all  the  Rings  equally  diftant  from,  the  middle  . 
folid  Sphere,  (that  is,  cut  off  from  the  fame  Orb) 
are  revolved  in  the  fame  Time :  For  if  it  wcr«  ' 
not  fo,,  bnt  thofe  which  are-  towards  the  Poles, 
finifhed  their  revolution  quicker  or  flower  than 
thofe  which  are  towards  the  Circle  that  lies  in 
the  middle  between  the  Poles ;  the  flower,  by 
rcafon  of  the  mutual  attrition,  would  be  quick- 
ened in  their  motion,  and  the  quicker  would  be 
retarded,  contrary  to  the  fuppoficion,  which 
was,  that  the  Fluid  perfevered  in  its  motion 
uniformly.  Since  therefore  the  Periodic  Time 
of  all  the  Rings,  at  the  fame  diftance  from  the 
Center,  is  the  fame,  they  will  revolve  after  the 
fame  manner  as  they  would  do,  were  they  not 
as  yet  cut  off  from  the  folid  Orb;  that  is  with- 
out any  attrition  :  And  therefore  the  fame  Law 
holds  in  this  cafe  alfo  of  Orbs  cut  into  Rings^ 
as  held  before  any  divifion  into  Orbs  j  that  is, 
the  Periodic  Times  of  each  of  tlie  Rings  will  be 
as  the  Squares  of  their  diftances  from  the  Cen- 
ter of  the  middle  folid  Sphere* 

Let  each  Ring  be  divided  by  tranfverfe  Sedi- 
ons,  into  innumerable  Particles  conftituting  a 
Fluid  abfolutely  and  uniformly  fuch ;  And  be- 
caufe thcfe  Sciftions  have  no  reference  to  the 

Law 
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:ular  Mbrion,  but  conduce  only  to"] 
bution  of  a  Fluid;  the  circular  Morioi 
Vere  as  before.     By  thcfe  diviiionf:  all^ 
ely  ImaJl  rings  will  citiicrnoc  changd 
icy  and  Force  of  mutual  Attrition  ai 
11  change  them  equally:  and  the  pro- 

the  Caufes  continuing  the  famc^  the 
f  chcEffcifts  will  Ukewifc  remain  tfi© 
,  ttie  proportion  of  the  Motion*  and 
ncs  as  before.  And  therefore  the  Fr- 
ies of  each  of  the  parts,  in  the  aboro 
'orrex,  will  be  as  the  Squares  of  cbd 
5com  the  Center  of  theVortcx-  ^£.£), 
COROLLART  I. 
iance  of  the  Parts  of  the  Vortex  he 
greater  diftance  from  the  Center 
lels,  either  on  the  acoounc  of  tho 
Bknefs  or  lefs  Huidtty  cf  the  Particle* 
»fe  the  fluid,  or  on  the  account  of 
laufe  ;  then  the  more  remote  parts 
will  move  flower  cliafi  in  the  ratio 
vc  in  the  Propofition  :  that  is,  the 
l&ie  of  the  pares  of  the  Vortex  more 
^  the  Center,  will  be  to  the  Periodic 
parts  nearer  the  Center,  in  a  greater 
^duplicate  ratio  of  the  Diilances  of 
les  from  the  Center. 

COROLLART  z. 
irtex  be  not  extended  in  injinhtanf 
moved  after  the  manner  of'^a  Vor- 
lined  in  a  rigid  VeiTel  held  by  force. 
It  Figure  from  a  fpherica!  one  con- 
ic central  Globe;  the  Particles  of 
'will  be  moved,  not  in  Peripherici.  of 
(centric  with  the  central  Globe,  buc 
iioft  conformed  to  the  Figure  of  the 
Id  the  Periodic  Times  will  be  as  the 
|he  Mean  Diflances  from  the  Center 
i  Ma  Pxc- 
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Proposition   LXXVI. 

TO  foint  out  and  refute,  in  fev^  wor4h  '^^  ^*'" 
rors  committed  in  the  abo've-defcribed  Carcc- 
fian  ?hyfics, 

1.  Since  from  the  preceding  Vrop.  'tis  evident^ 
that  every  Vortex  made  by  a  folid  Sphere,  re- 
volved uniformly  about  an  Axis  given  by  Pofi* 
tion,  will  be  propagated  in  infinitum^  if  not 
hindred  ;  if  the  World  was  made  up  of  fuch 

.kind  of  Vortices,  (as  it  is  according  to  Cartes's 
Syftem,)  there  would  be  as  many  Vortices  going 
forwards  in  infinitum^  as  there  are  Fix'd  Stan^. 
every  one  of  which,  (according  to  Cartes)  like 
our  Sun,  makes  a  Vbrtex.  Nor  would  thefc 
Vortices  be  bounded  by  certain  limits,  but 
Creep  on,  and  by  little. and  little  run  into  one 
another.  And,  by  this  means,  each  part  of  the 
infinite  Fluid  making  up  the  Univerle,  would 
be  agitated  by  that  Motion  which  refults  from 
the  atStions  of  all  the  Central  Spheres  or  Suns. 
But  how  foreign  this  uncertainty  is,  from  that 
certain  Order,  Situation,  and  Motion  of  the 
Fixed  Stars,  which  are  firmly  connefted  by  a 
very  fimple  Calculus,  let  fuch  as  are-acquainted 
with  Aftronomy  judge. 

2.  Further,  becaufe  the  parrs  of  the  Vortex, 
generated  in  the  manner  above-defcribed,  that 
are  nearer  the  Center,  being(by  the  preced.Pr^p.) 
moved  quicker,  urges  the  exterior,  and  con- 
ftantly  (fommunicate  Motion  to  them  by  that 
adion^  and  thefe  exterior  Particles  transfer  at 
the  lame  time  the  fame  quantity  of  Motion  into 
others  that  are  ftill  more  exteriQr  •  becaufe  (by 
Hypothefis)  it  is  a  condition  of  the  Vortex,  that 
each  part  of  the  Fluid  perfevere  in  its  motion 
Uniformly,  and  is  not  incited,  fometimes  more, 
fometimes  left,  in  the"  fame  drftance  from  the 

Center; 
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Is  evident  chat  Motion  is  pcrpetnally 
rd  from  the  Center  to  the  Circumfe- 

thc  Vortex,  and  abforbed  by  the  infi- 
be  Circumference.  And  tlureiV/rc  to 
vacion  of  a  Vortex  in  the  fame  (latc> 
ftquircd  fomc  a^lve  Principle^  from 
z  Central  Sphere  (or  Sun  of  that  Vor- 
afways  receive  the  fame  qtunctty  of 
as  ic  iniprelTes  on  the  matter  of  chc 
But  from  whence  the  Cgntjuns  can 
tn  adive  Principle  refiding  in  each 
tves  rlie  whole  Vortex,  I  cannot  fee; 
himfelf,  in  Varag,  ij^6,  thirj  P^frt 
►oldly  fays.  There  u  mtbing  to  he  mtt 
^hanowtna  of  the  VUnctSy  tb^t  cant  he 
from  vfhat  has  hcen  already  fsiJ-  Thc 
KtpltT  faw  well  enough  thc  ncceflity 
l^ive  Principle  in  the  central  Spheres 
'ticcs  ;  j^nd  tLenfire  left  the  Motion 
^P'  hjf  degrees,  which  Creating  Om- 
[jmpreired  upon  them  in  the  bcgin- 
ungSj    he  would  have   it  maintained 

f'ferpttual  care  cf  thc  Creditor y  9r  bj  thi 
a  Spirit  deftind  to  that  iwfloYmcnt. 
hout  fuch  an  adive  Principle,  the 
eres  and  the  interior  parrs  of  the 
ways  propagating  their  Motion  into 
and  receiving  no  new  Motion, 
ily  move  flower  by  degrees,  and 
ve  circularly.  And  confequently 
f  Des  Curtesy  without  fuch  an  active 
al' Principle  naturally  tends  towards 
I  diffolucion. 

frtes  and  the  Cartefidn^  acknowledge, 
Idics  which  are  carried  in  this  Vortex 
lagain,  are  of  the  fame  denfity  with 
f  the  Vortex,  where  tlicy  are  placed, 
fcy  the  fame  Law  with  them,  as  to 
^'  M  }  tho 
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/  from  that  which  19  obfcrvcd  in  the 
fc^mely,  ihac  the  Periodic  Times  of  the 
%c  Vortex  are  as  the  Squares  of  ihc 
from  the  Center,  if  rlw  matter  of  the 
c  homogeneal;  or  as  fomc  hiclici  Po\\cr 
>iftance5,  it  the  matter  of  the  Vortices 
"er  at  a  greater  diftance ;  whereas  in 
■ivhtle  (  by  Frrt}>.  iz.)  in  the  PLincts, 
ft  of  the  Periodic  Times  are  as  the 
p)e  Diftances  ;  (th:it  is,  the  Periodic 
the  Phners  are  as  thofc  Powers  of  the 
>,  whofe  Exponents  are  *>  which  ara 
wcr  than  thofc  whofe  Exponents  arc  2, 
iber  greater  than  two ; )  'tis  evident 
^  that  the  Planets  arc  rot  carried  by 
Iteorporeal  Vortices, 
the  Vortex  were  extended  in  r.^ 

nc  (from  the  preced.  Prof.)  :  M 

the  riuid  ought  to  delcrtbe  a  pcrteA 
md  (by  Core/.  2)  that  the  abcrnjcion 
ircular  Path  proceeded  from  the  rigid 
kf  what  is  equivalent  to  it,)  in  which 
Ir  of  the  Vortex  is  contain'd.  From 
ic  evidently  follows,  that  the  greater 
«  is  in  refped  of  rhe  Path  dcfcribe4 
part,  (or  by  the  Planet  carried  fogc- 
it,J  the  more  ought  the  Path  of  the 
;ome  up  to  a  perfeA  Circle  ;  rl^at  is, 
icity  of  a  Planet  nearer  to  the  Sun 
than  that  of  one  more  diftant  from 
whereas  Aftronomical  Obfervations 
afl'ureus,  that  the  Orbit  of  Mercury 
lore  cxcentric  than  that  of  Saturn, 
secaufc  f  by  CoroL  2.  preceding  Prof.) 
icles  of  the  Vortex,  and  the  Planets 
»ng  with  them,  will  be  moved  in  lines 
[formed  to  the  fij^ure  of  the  VefTel,  in 
fluid  is  contain'd,  the  AplicUa  of  all 
M  4  the 
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t  is,  in  its  return  round,  if  it  he  not  o- 

I  hindered,  defcribcs  a  Circl'j ;  to  whofe 

le  Axis  of  the  central  Sphere,  whereby 
d  IS  turn'AabottX  in  the  form  of  a  Vunex^ 
ndicalar  ?  ajjd  if  the  Path  of  the  Body 
CO  this  Plane,  that  inclination  will 
lally  lefl'en'd,   and  they  at  laft  will 
For  it  is  evident  from  the  dcmon- 
thc  preced.  ?rof.  chat  each  part  of 
sompofing  the  Vortex^  dclciihesfuch 
wherefore  even  the  Planec^  which  is 
»nly  by  thefc  Particles  being  relatively 
ecween  them,  will  alfo  defcribc  fuch 
and  if  by  any  external  Force  i         ^   1 
a  little  from  hence,    the  in_.-:.....jxi 
eflencd  by  degrees  by  the  encounter  of 
clesof  the  Fluid  dcfcribing  the  above- 
Circles,  and  the  Planet  it  Tclf  will 
ich  a  Circle,  being  thus  uc  lad  rela- 
:ft  in  the  fluid  of  the  Vortex,  and  car- 
together  with  ir.     But  there  is  not 
CO  be  found  having  the  Axis  of  the 
sendicuiar  to  the  Plane  of  the  Orbit; 
ig  thefc  rwo  thoufand  Years,  wherein 
'  >ns  have  been  made,  h:is  tlie  Inclina- 
Orbit  of  any  Planet  to  that  Plane 
lelTened;  nor  are  there  any  fibres  of 
[ailigned  by  thefe  Philofophcrs  in  the 
)t  the  preferving  the  fame  Inclination. 
»ology  chat  Cartes  brings  for  the  va- 
incricity  of  the  Planets,  and  the  vari- 
lation  of  the  Orbits  to  one  another, 
irious  fituation  of  the  Aphelias,  which 
rf.  ^4.  ?art  5.  Prhjcip,    fnamcly  this: 
>»«    Jen    ii    bapftns   in    all   other   natural 
Jfat  they  are  only  nearly  Jo,    and  in  fae- 
ces   are    contifitfaUy    (hatigcti^  )    /hews 
it  he  was  unacquainted  with  the  Cal- 

culatory 
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culatory  part  of  Aftronomy.  For  tho'  it  can't 
ht  denied  that  Phyfical  Caufes  have  a  place  in 
the  motion  of  the  Stars,  yet  no  Pcrfon  ufed  to 
thefe  matters  will  judge  that  fuch  cafual  and  al- 
'moft  irregular  inequalities,  (fuch  as  Cartes  feems 
to  infinuate,)  are  to  be  admitted  in  the  motions 
of  the  Stars;  but  will  rather  fay,  with  that  moft 
acute  and  beft  fitted  for  Aftronoroical  Specula- 
tions Jer.  Herroxy  who  labour'd  to  defend  the 
contrary  Opinion,  W^  may  juft-fy  wonder  at  fame 
Slingers  or  Enginkrsy  that  can  throw  Bodies  out  of 
Slings  or  Cannons  with  fucb  incredible  certainty  of 
aim.  But  if  we  fee  fo  great  exaBnefs  in  thofe  we- 
mentaneous  things^  that  are  moved  thro'  "the  thick  un-> 
fettled  Air ;  fi^ai  we  pot  exfeSl  a  natch  greater  in 
,thofe  ferfetual  Bodies  as  are  revolved  in  a  quiet  and 
fure  t>/£tber  by  an  eternal  Lawi 

6.  Since  the  Globules  compofing  the  fluid  of 
the  Solar  Vortex  are  leffer  near  the  Sun,  and 
confequently  their  Mafs,  contained  in  a  given 
,  Space  and  filling  it,  is  iefs  denfe  than  in*  a 
greater  diftance  from  the  Sun  ;  it  follows,  that 
even  the  Planets  which  are  of  the  fame  denfity 
with  the  particles  of  the  Vortex,  in  which  they 
fwim,  are  Iefs  folid  the  nearer  they  are  to  the 
Sun  I  which  Cartes  alfo  acknowledges  in  Farag, 
147.  ?r.rt  ^.ofPrincip.  But  the  Contrary  to  this 
we  ftall  denionftrate  in  its  proper  place  here- 
after ;  namely  that  each  Planet,  the  nearer  it  is 
to  the  Sun,  the  folider  or  more  denfe  it  is ;  that 
is,  it  contains  more  Matter  under  an  equal  bulk. 
Which  alfo  agrees  much  better  with  the  A^chi- 
typical  Ratio's,  Geometrical  Concinnities,  and 
Final  Caufes  :  From  the  confidenKion  -  of 
which.  Vis  evident,  that  the  Divine  Being 
has  placed  the  Planets  ^t  diiFerent  diftances 
from  the  Sun,  fo  that  each,  according  to  its 
degree  of  derJity,  may  enjoy  a  greater  or  left 

degree 
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of  Heat;  and  conTcqaently  the  mcfe 
lanct  is  nearer  the  ^un,  fincc  aU  more 
jit  of  Matter  require  a  greater  lieat  for 
formance  ot  natural  Opcruiioni.    And 
i  ratio  of  the  deniity  of  ihc  I'bnet  be 
;  fame  with  what  Kepir  makes  ir,   name- 
reciprocal  of  the  Roots  of  the  didancet 
le  bun ;  but  the  rcc^  (lancet 

le^un drawn  into  u.-  .   ...      ..i,  appar- 

Kices :  Yec  here  ( where  lie  was  moft  of 
Seen,)  f^epUf  cnme  :u  this  gcner.il  Propo* 
by  his  Architypical  r.ttios,  that  the  dcn- 
Biets  are  nearer  the  Sun  ;  whereas  Catt4s, 
asfjnce  him,  from  a  neglect,  (or  rather 
|pt)  of  the  Archirypical  ratio's  and  final 
■cherilbed  opinions  entirely  contrary  co 
fcal  Caufes,  and  true  Phyfics  or  Mcclia- 
tfhich  gcneially  lead  us  to  chclamerhlng;) 
longU  others,  this  opinion,  that  the  fo- 
if  the  Planets  near  ilic  Sun,  is  Icis  than 
ihofc  farther  off. 

ycho  formerly,  from  the  motion  of  the 
3,  demonftraied,  that  the  Planets  were 
)ved  in  folid  Orbs ;.  becaufc  the  Comets 
thro*  them.  The  fame  Comets  do  now 
qual  evidence  fhew,  that  the  Planets  arc 
rried  by  corporeal  Vortices;  feeing  the 
lS  move  in  Pathi  very  oblique^  and  (ome- 
cutting  the  Plane  of  the  Zodiac  at  Right 
s,  and  fomctimcs  directly  contrary  to  the 
1  of  the  Planets,  and  they  prcfcrvc  rhefc 
ns  with  the  greacefl  freedom  and  length 
uc,  being  fubjed  to  t*his  univcrfal  Law, 
f  a  radius  drawn  to  tlic  Sun,  chey  defcribc 
proportional  to  the  Times ;  which  would 
)gether  impoHible,  if  the  intire  matter  of 
[jrtey  were  carried  about  the  Sun  with  a 
hciejQt  to  cairy  along  with  them  the 

vail 
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vaft  Bodies  of  the  Planets.  Nor  does  it  help 
Carfes  ac  all,  that  he  has  banifhed  the  Comers 
beyond  Saturn,  contrary  to  the  credit  of  all 
Obfervations,  (which  Tycho  and  the  Aftrono- 
mers  never  forc'd  to  ferve  their  Hypothefes, 
as  Certes  would  infinuate  5 .)  fincc  the  matter  of 
the  Solar  Vortex  beyond  Saturn  ^according  to 
himfelf  J  has  a  greater  moment  to  carry  rheoi 
along  with  it,  than  near  Venus  and  Mercury; 
both  becaufe  the  Globules  compollng  the  Vor- 
tex are  greater  there  chan  here ;  and  efpecially 
becaufe  they  are  moved  much  Iwiftcr,  ilnce 
they  run  a  Circle  irrjmenlly  greater  ^/^ifiiwrf/ew 
Wesksy  zsCf^na  has  it,  Tarag.  62.  T^rt  5.  frin. 
From  all  together,  and  each  of  ihefe  in  partiai-« 
^'^•.lar  'tis  evident,  that  this  Hypochefis  of  Vortices 
W  is  entirely  difagreeable  with  the  Pharnomena 
of  Aftronomy,  and  conduces. not  fo  much  to 
the  explaining  as  the  difordering  of  the  Geleftial 
Motions. 
I  Proposition  LXXVII.  * 

TO  enumerate  and  txflain  the  Caufes  of  the  Ce- 
Itjiiil  Mothns  brought  by  Mr,  Leibnitz. 
'Tis  fo  narural  in  enquiring  after  the  Caufes 
of^ifi  Celeflial  Aiotions,  to  leek  them  in  the 
ambient  fluid  ^ther,  thar  the  Philofophers  have 
looked  upon  the  Planets  to  be  carried  about  the 
Sun,  afrcr  the  fame  manner  as  fo  many  Straws 
fwiraniing  in  Water,  are  carried  about  by  the 
Water  put  into  the  motion  of  a  Vortex,  by  a  Stick 
whirled  about  its  Axis  in  the  middle  of  a  Veilel 
at  rtft.  This  ancient  opinion  lay  ncgle^ed 
for  a  long  rime;  But  in  the  laft  Age  was  revi- 
.  ved  by  lome  great  Men;  for  before  Cartes,  (of 
whom  above,)  it  was  approved  of  by  TcrriceUius 
and  GallHa-oi  for  the  reafons  without  doubt,' 
fummarily    propofed   about  the  beginning  of< 

Thi$ 
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opinion  pleas'd  fo  well,  that  that  moft 
hilofophcr  Mr.  Leibnitz,,  (even  after  the 
tion  of  Newton  s  Matbtmat.  Frincip.  of  Nat, 

adopts  it  J  zn^  judges  that  thtre  remains 
more,  tham  topev/  how  the  Caufes  cffbeCt^ 
dotions  arife  from  the  motions  of  the  ty£ther^ 
king  Jftrmomically^  from  Jefert.nf  Oris,  but 
b  as  are  not  foliJ,  but  fluid,  A  name  fo 
ced  among  Geometricians  certainly  de- 
:o  have  his  Effay  upon  the  Caufes  of  the  Celt- 
nions  (which  he  communicated  to  the 
i  World  in  the  AEis  of  the  Learned^  Pub- 
:  Liffic  in  Fe^uarj  1689.)  exadfy  con- 

Au  Leibnitz,  (if  any  Man)  is  able  to  ac- 
date  Vortices  to  the  Celeftial  Motions3 
n  reafons  for  the  Laws  of  the  Heavenly  Bo' 
rvered  by  Kepler.  Efpecially  fince  he  has 
fome  peculiar  Light  in  that  matter,  and  tbt 
he  made,  feemed  to  himfelf,  who  is  fa 
ting  a  Perfon,  to  fucceed  'very  well  and 
!  to  Nature,  fo  that  hereupon  he  bad  good 
~  having  arrived  at  the  true  Caufes  of  thefe 
We  will  therefore  lay  down  the  Me- 
is  Philofopher  ufes  in  explaining  thefe 
'orks  of  Nature,  in  as  few  Words  as  pot 
ad,  as  near  as  we  can,  in  his  own. 
Leibnitz,  takes  for  granted,  that  all  Bodies 
n  a  fluid  defcribe  a  Curve  line,  f  and  con- 
ly  that  the  Planets  themfelves,)  are  aded 
r  the  motion  of  the  Fluid  itfelf.  For  all 
defcribirig  a  Curve,  endeavour  to  recede 
along  a  Right  line,  which  is  a  Tangent, 
le  nature  of  Motion  ,•)  there  muft  there- 
fomething  that  keeps  chem  in.  But 
nothing  contiguous  except  the  Fluid, 
pofition,  )  and  no  endeavour  to  move 
n  be  reftrained    but  by  a  contiguous 

Body 
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Body  Hkewife  in  Motion,  (  from  the  nature  of 
Matter ;)  the  fluid  itfelf  therefore  muft  neceffa* 
rily  be  in  Motion. 

Since  from  the  moft  exatft  Obfervations  that 
have  been  made,  every  Planet  defcribes  an  Or- 
bit about  the  Sun,  according  to  this  Lav/,  that 
by  radii  drawn  from  the  Sun  to  the  Planet, 
Areas  are  always'  cut  oft  proportional  to  the 
Times;  'tis  reafonable  enough  that  the  ^tther 
or  Fluid  Orb  of  each  Planet  fliould  move  abouc 
the  Sun  after  fuch  a  manner  as  may  agree  with 
the  faid  Law  of  Motion;     And  this  will  be 
done,    if    each  of  the  innumerable  circular 
concentric-  Orbs  of    fmalleft  thicknefs,    intqi 
which  the  fluid  Orb  of  the  Planer  is  divided  by 
the  Mind,  have  its  proper  Circulation,  fo  much 
the  fwifter  in  proportion,  as  each  of  them  is 
nearer  to  the  Sun  ;  that  is,  if  the  Velocities  of  ^ 
circulating,  in  the  parts  of  the  fluid,  are  re- 
ciprocally proportional  to  the  radii  or  diftances 
from  the  Sun.    By  which  means  it  will  happen, 
that  whether  the  Planet  be  more  or  Icfs  diftant 
from  the  Sun,  the  Seftors  that  are  defciibed  in 
equal  Times  by  the  Radius,  are  equal.    For  the 
faid  SeiSors  are  in  a  ratio  compounded  of  the 
dired  ratio  of  the  radii  or  diftances  from  the 
Sun,  and  of  the  reciprocal  of  the  Arcs  or  Cir- 
culations, and  therefore  (from  the  nature  of  the 
Circulation)  in  the  ratio  of  equality.   The  Cir- 
culation above  defcrib'd  (where  the  Velocities  of 
Circulating  are  reciprocally  proportional  to  the 
difl:ances  from  the  Center)  he  calls  Harmonic,  be- 
caufe  fuppofmg  the  Diftances  from  the  Center 
to  increafe  equably  or  Arithmetically,  the  Cir- 
culations decreafe  in  an  Harmonic  Progrefflon  ; 
being  reciprocally  proportional  to  the  Quan- 
tites  that    are  in  an  Arithmetic  ProgreJiion, 
which  isthe  known  property  of  Harmonic  Pro- 
portionals. ^  This 
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Great  Man  therefore  fuppofes  the  Pla- 
?e  moved  by  a  double  Modon,  or  one 
indcd  of  ihe  Harmonic  Circulntion  of 
rent  fluid  Orb,  and  of  a  ParacrntrU  ac* 
ind  recef>  from  the  Sun.  The  Ciicula- 
che  jtther  therefore  make>  the  Plancc 
c  Harmonically,  not  by  stnySiotion  of 
I,  but  as  it  v/ere  by  a  perfcdiy  qoict 
log  in  a  deferent  iluiJ,  whole  Motion 
;.    Confequcnily  neither  retains  an  itn- 

ckculacing  fwifcer,  th;m  it  had  in  an 
or  nearer  Orb,  but  one  that  languifhc« 
ins,  as  it  partes  through  the  fuperior  ( rc- 
I  greater  Velocity  than  their  own  ^  rill 
it  infenfibly  accomodates  itfclf  to  the 
Ipproaches;  and  on  the  contrary,  whilo 
fcfrom  the  fuperior  to  jhe  inferior  Orbs, 
Pes  their  Impetus.  Confcquently  the 
lie  Proportion  holds  not  only  in  Arcs  of 
,  but  in  defcribing  any  other  Curve, 
the  Area  defcribed  in  an  Element  of 
::ut  off  by  radii  drawn  from  the  Sun  ro 
net,  moved  in  any  other  Curve,  doth 
nparably  diflFer  from  the  Se<5lor  of  a 
hofe  Angle  at  the  Center  is  the  fame, 

my  one  of  the  preceding. 
her  Motion  compoundit.g  with  the 
e  intire  Motion  of  the  Planet  f  name- 
centric,)  arifes  from  a  double  CurvC| 

_  he  txcujfovy  imfrejjion  cf  Ctrculnuon  and 

attrafikn  (or  what  is  equivalcDc)  coov 
d  Together.  For  fince  every  Body  en-. 
It  to  recede  from  the  Curve  line,  it  de- 

along  a  Tangent,  by  this  Motion  alone, 
net  carried  by  the  Vortex  circulating 
nically,  will  recede  from  the  Sun.  And 
entrifugal  Forces  are  {hewn  by  the  Ap- 
)  be  reciprocally  as  the  Cubes  of  the 

radii 
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radii.  The  other  component  part;  of  the  Para- 
centric Motion  is  the  Sun^s  Atcra^ion,  or  what 
fupplics  the  place  of  tt,  the  Planets  Gr^rity  : 
And  tho'  he  call  this  Force  Attratftion,  he  does 
notqueftion  but  it  is  derived  from  the  itnpulfe  of 
the  ambient  Fluid,  like  the  ad:ions  of  the  Mag- 
net. 

Becaufe  it  is  certain  by  Obfervation,  that 
each  primary  Planet  defcribes  an  Elliptic  Orbit, 
in  one  of  whofe  Foci  is  the  Sun,  fo  as  that  by 
radii  drawn^from  the  Sun  to  the  Planet  Areas 
are  always  cut  oiF  proportional  to  theTitnes^j 
and  there  is  no  Law  of  Circulation  in  a*Vor-. 
tex  that  anfwers  this  condition,  but  the  Har-* 
monic:  It  remains  that  a  Law  of  Gravity  be 
fought  after,  that  join'd  with  the  Centrifugal 
conatus  of  the  Body  circulating  Harmonically, 
may  compofe  a  paracentric  Motion,  which  in 
conjuni^'tion  with  an  harmonic  Circulatioa 
makes  the  Body  to  move  in  the  Perimeter  of  an 
Ellipfe,  which  (after  the  premifing  of  a  Lemma 
Shewing  the  ratio  of  a  Circulation  in  a  Conic 
Sedion  to  the  paracentric  Velocity)  he  defines, 
by  demonftrating  the  following  Theorem :  If 
a  heavy  Body  he  carried  in  an  Elliffe  (or  any  other 
SeSlicn  cf  a  Cone)  oi^ith  an  harmonic  Circulation^ 
And  the  Center  both  of  Attratiio7t  and  Circulation  be 
in  the  Focus  of  the  Elllpfe  ;  the  Attradions  or  Sollies-^ 
tations  of  Gravity  will  be  as  the  Squares  of  the  Cir-^ 
culations  direBlyy  or  as  the  Squares  cf  the  radii  or 
difiances  from  the  Focus  reciprocally. 

He  has  found  therefore  that  there  is  fuch  a 
thing  as  Gravity  in  the  Planets,  tending  to  the 
Center  of  the  Sun,  the  Law  of  which  is,  that 
it  is  reciprocally  proportional  to  the  Squares  of 
their  diftances  from  the  Center.  And  he  farther 
acknowledges  that  this  Law  was  known  before 
to  Mr.  Newton ;  his  Frinciples  of  Vbilofo^by  being 

pub- 
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before  thac  tlm^^  and  ar)  accoanc  of 

t\  in  thofe  Ldpjic  Ads. 
lavinp  annexed  fowz  Corollaries  na- 
ming from  his  chief  Theorem,  he  clo- 
lico-Aftronomical  EJfa/^  with  a  cou- 
it  there  remained  two  rhings  to  be 
iis  Argument :  The  one  is  co  expUlrt 
fofi  ofthe  ^ther  it  is,  that  makes  the 
avy,  or  impels  chem  towards  the  Son, 
cciprocally  as  the  fcjuares  of  the  Di- 
"  (35  he  expreflcs  it)  ds  chc  fquares  of 
ies :  The  other  isj  What  is  the  caufe 
mparifon  of  the  Motions  between 
nt  Planets  of  the  fame  Syftcm.  that 
iic  Times  (hould  be  in  the  lefqui- 

of  the  mean  DiftaDccs.  And  fince 
;  to  the  Author)  they  both  ought  to 
on  the  contiguous  Bodies,  all  which 
'  the  name  of  the  /Ether,  thcfc  two 
plain  more  diftin<^lly  the  mociort  of* 
:  br  /Ether  thar  confticures  each  Sy- 
UK  thefe  things  requiring  a  deeper 
md  therefore  not  to  be  contained  in 
:ompafs  as  a  Sheer,  he  fay?,  *tis  more 

him  to  publifh  his  Thoughts  upori 
T  fcparately. 

iposiTiON  Lxxvm. 

fsffr  fucb  Thhigf  at  art  not  agrecAhU  to 
\l  Tbllofofhjf^  In  (he  aho've  recited  Cau'* 
tial  MotUnjj  ^jffgned  by  Mr,  Leibnitz 

re  fohic  of  the  Reafons  againft  C6r- 
cictTs  carrying  tlaftecs,  that  likewife 
":  the  above  dcfcribed  Ejfay  c/Lcib- 
C:wfis  ofthe  CtUjiial  Motions ;  namc- 
"^aihs  of  fome  Comets  are  very  ob- 
Zodiac,  fomerlmes  they  cur  ctiis 
N  Plane 
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Plane  at  Right  Angles,  nay,  they  are  even  di- 
redly  contrary  fometimes  to  the  courfe  of  the 
Planets.  And  fince  the  Comets  fall  the  while 
they  are  obferved  by  us)  defcribe  Areas  about 
the  Sun  proportional  to  the  Times,  by  parity 
of  reafon,  an  Harmonically  circulating  V ortex 
ought  to  be  fuppofed ,  fuch  an  one  being  as 
neceffary  for  the  motion  of  a  Comet  as  of  a 
iPlanetj  that  is,  there  ought  to  be  one  Vortex 
contrary  to  another.    . 

In  confidering  indeed  but  one  Planet  carried 
about  the  Sun  (  or  any  other  Center  )  if  it  be 
to  be  carried  by  a  Vortex,  without  any  proper 
motion  of  its  own,  only  Iwimming  quietly  a- 
long  in  a  deferent  Fluid,  circulating  Harmoni- 
cally, and  obeying  its  Motion,  (which  ,the  Au- 
thor fuppofes;)  the  Vortex  ought  to  circulate 
Harmonically  ,fo  as  thattheAreas  cut  ofFby  Radii 
drawn  from  the  Planet  to  the  Sun,  be  propor- 
tional to  the  Times.  No  other  conftitucion  of 
a  Vortex  can  make  the  ratio  between  the  Areas 
and  Times  to  be  the  fame-  If  therefore  the 
Vortex  of  our  Author  will  not  folve  the  Moti- 
ons of  the  Planets,  certainly  no  other  will.  And 
this  being  once  fuppofed,  all  the  reft,  which 
our  Author  draws  from  thence  by  Geometry, 
proceeds  very  well  and  juftly,  as  things  ufually 
do  under  his  Hand,  To  which  I  add,  that  fuch 
aVortex  as  this('whofe  Fluid  circulating  Harmo- 
nically in  a  Plane  thro*  the  Center,  to  which 
the  Axe  is  perpendicular,)  may  be  produced 
Mechanically,  by  a  folid  Sphere,  if  it  be  revol- 
ved in  an  uniform  and  infinite  Fluid,  about  an 
Axe  given  by  poficion,with  an  uniform  Motion, ' 
and  the  Fhiid  be  made  to  move  round  by  the  , 
foleimpulfe  of  it,  and  every  part  of  the  Fluid 
perfevere  in  its  motion  uniformly.  And  this  is 
a  third  thing,  which  remains  for  the  Author  to 

expiaia 
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concerning  the  motion  of  the  Solar 
or  iEcher  j  namely,  how  jc  might  be  \\n^ 
and  put  into  an  Harmonic  circulacion. 
ice  unircrfally  the  Times  of  dcfcribing 
ling  any  Space,  are  directly  as  the  Sp^- 
,  and  reciprocally  as  the  V^clocities^  and 
cular  motion  the  fpaces  run  in  one  revo- 
tre  as  the  radii,  anu  in  an  Harmonic  cii- 
ithe  Velocities  or  Circulations  are  rcci^ 
'  aschc  radii"  nscvidcntjthat  the  Periodic 
>f  the  parts  of  a  Vortex  circulating  Har- 
ly,  are  as  the  Squares  of  the  radii:  But 
deraonftrated,  Prcf.  75*.  that  this  is  the 
,^of  a  Circulation  in  a  Plane  thro'  the 
o  which  the  Axis  is  perpendicular  in  thfl 
piic  into  it5  motion  by  a  ccnci ,'  e- 

r  the  motions  of  two  or  moru -::g 

jared  together,  it  will  appear,  that  the 
tter  of  the  Solar  Vortex  is  not  moved  in 
ionic  Circulation.  For  we  have  alrea* 
Dnftrated,  that  the  Periodic  Times  of 
;  of  a  Fluid  circulating  Harmonically 
ifequencly  of  Uodies  that  arc  cHiried  by 
fwimniing  in  the  Fluid)  are  as  tha 
^f  the  radii.  But  the  Periodic  Timej 
anets  are  not  as  the  Squares,  or  in  thfl 
,  but  in  the  iefquiplicate  ratio  of  eho 
from  che  Center.  And  therefore  dif- 
anec:>  are  not  moved  by  an  Harmonic 

-urhor  no  doubt:  will  fay,  that  he  did 
ofe  that  the  whole  Fluid  of  tlic  Solar 
fes  moved  by  a  continual  Harmonic* 
Jfl,  no  where  interrupted,  from  Mcr - 
laturn  inclufively  ;  but  chat  the  Fluid 
,bout  Mercury  moved  in  an  Harmo- 
facion  from  its  Perihclium  to  irs  A- 
leu  (thi:;Harmony  being  interrupted,) 
'  N  jk  aguiTi 
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again  Circularly  hafmoftical  from  the  Peri- 
helium  of  Venus  to  its  Afiheliam^  btit  not  in  aii 
Harmony  continued  with  the  formef  cJrculati^ 
on  near  Mercury  ;  that  is,  fo  as  that  the  circir- 
lation  of  the  Fluid  carrying  Venu^^is  to  the  cir- 
culation of  the  Fluid  carrying  Mercury,  as  the 
diftance  of  Mercury  from  the  Sun,  is  to  the  di- 
ilance  of  Venus  from  the  fame:  And  again, 
Tthe  former  Harmony  •  being  interrupted,)  thtf 
Fluid  carrying  the  Earth  is  movedHarmonically 
from  the  Perihelium  of  the  Earth  to  the  Apheli- 
tim,if  this  Harmony  be  confidered  folitarily,  an^ 
not  compared  with  the  Harmony  of  the  Fluid 
to  Venus  or  Mercury  j  and  fo  on  in  the  othei? 
Planets :  that  is,  that  by  reafon  of  the  thickn'efs 
of  each  Orb,  there  holds  a  particular  Harmony 
feparate  and  diftinA  from  the  reft ;  and  in  like 
maqner  in  the  Satellites  of  Jupiter  and  Saturn, 
afccnding  from  the  Center  of  Jupiter  and  Sa- 
earn.  But  it  muft  be  confeffed,  that  the  Author 
does  feem  likewife  to  extend  his  Harmonic  cir- 
culation alfo  to  different  Planets,  in  Varag.  17. 
where  he  fays ;  In  double  the  difianccy  only  a  fourth 
fart  of  the  Angle  feen  from  the  Sun^  is  finipeJ  in 
the  fame  Element  of  Time ;  in  trifle  the  dijiance  only 
the  ninth  part :  For  certainly  thefe  numbers  have 
no  place  in  the  fame  Planet/  But  if,  (as  he 
ought  principally  to  do,)  he  fpeaks  exprefly  con- 
cerning the  interrupted  Harmony  of  the  circu- 
lating parts  of  the  Fluid,  he  will  hardly  per- 
fwade  Philofophers  that  things  are  thus  i  name- 
ly, that  by  reafon  of  the  thicknefs  of  the  Orb 
of  Mercury  there  is  an  Harmonical  circulation 
from  the  Perihelium  to  the  Aphelium,  or  the 
Velocities  of  the  Fluid  areas  the  diftances  from 
the  Center  reciprocally  :  But  comparing  this 
Circulation  with  the  Circulation  of  the  iEther 
a:  any  other  Planer,  the  one  is  to  the  other  re- 
ciprocally 
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ly  as  the  Squares  of  the  Radii :  For  wc 
monftiated  rin  Vrof,  27 and  28.)  indc- 
ly  from  all  Phyfical  Caufes,  thac  the  Cc- 
of  the  Planets  are  reciprocally  as  the 
Roots  of  their  diltanccs  from  the  Sun. 
ly  the  V^orcex  of  the  Sun  would  be  mon- 
md  chefe  deterenc  fluid  Orbs  more  ab- 
■the  deferent  folid  ones,  if  by  reafon 
wl^ncft  of  each  of  the  fix  deferent  Orbs 
monic    circulation   has  a  place,  and 
Harmony  in  the  mean  while  is  five 
:errupced ;  namely,  at  the  incerflices  of 
rent.    And  it  makes  contrary  to  this 
ion,  that  a  Comet  carried   thro'  the 
in  conftquetitlay  and  palling  thro'  chefe 
:s  of  the  Orbs  carrying  the  Planets,  is 
uft  as  if  ic  were  carried  by  an  ^thcr 
ng  Harmonically ;  char  is,  (b  as  chac 
\&  defcribed  by  the  radius  that  carries 
»portional  to  the   Times.    Ic  may  be 
ikewifc,  how  difFormly  difform  the 
:ex  would  be^  in  which  the  thickncis 
of  Saturn,  where  the  Harmonic  cir- 
chc  lExhCi  holds,  is  greater  than  the 
>f  Mercury  from  Venus,  or  of  Venus 
larch,  or  of  the  Ivjich  from  Mars,  in 
tf  which  the  Harmony  is  interrupt- 
there,  having  laid  afidc  the  recipro- 
of  the  radii,  which  they  keep  in  the 

t,  the  circulation  of  any  two  of  thefe 
together,  are  reciprocally  asihefquare 
he  Radii,  being  about  to  refume  the 
[armony.  The  famous  Author  himfelf 
lave  difcovered  this  fault  of  his  Har- 
Circulacing  Vortex,  when  he  con- 
tbis  llkcwifc  was  one  thing  rtmain' 
explain  what  Jlwnld  be  tie  ttsufe 
of  the  motion:  between  Jiff^.rcnt 
N  3  r/*na4 
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Tlanets  of  the  fame  Sjfiem,  fo  as  that  the  Peri^ 
cdic  Times  may  he  in  the  fefquiplicate  ratio  of  the 
Mean  Diftances :  For  he  faw  plai|i  enough,  that 
this'  could  not  be  the  efFeft  of  ait  Harmonio 
Circulation. 

Perhaps  fome  Perfons  may  wonder,  that  Mr. 
Leihnitz,y  who  deduced  the  Motions  of  the  Pla* 
flets  from  Caufes  (at  firft  fight)  fo  different  from 
rtiofe  eftabliftied  before,  Ihould  notwithftandidg 
light  upon  the  fame  Law  of  Gravity,  where* 
by  every  Planet  ig  kept  in  its  Elliptic  Orbit. 
The  reafon  of  that  coincidence  is  thiis :  Tho* 
Leibnitz,  makes  ufe  of  the  Matter  of  a  Vortex 
Circulating  Harmonically  for  carrying  the  Pla- 
net about  ^  yet  becaufe  in  the  Planet  thus  carri- 
ed about,  and  defcribing  any  Curve,  he  con- 
feffes  an  ExculTory  Conatus,  whereby  a  Planet 
would  be  made  to  move  in  a  Right  line  touch- 
ing the  Curve,if  not  hindred.  He  does  the  fame 
as  if  he  had  made  the  Planet  to  move  equably 
in  a  Right  line,  if  not  hindered  ;  For  thefe  two 
Motions  together  make  it  fo ;  that  is,  all  one  as 
it  it  were  carried  in  free  Spaces,  ad:ed  upon  by 
ro  external  force  at  all.  For  in  both  cafes  it 
will  defcribe  a  Right  line  with  an  equable  Mo- 
tion :  For  the  Body  defcribing  the  Right  line 
with  an  equable  Motion,  runs  in  it  after  fuch  a 
manner  as  (by  Trof.  i,  Ekm.  6.)  that  the  Areas 
cut  off  by  radii  drawn  to  any  given  Point,  are 
proportional  to  the  Times.  Since  therefore  the 
Harmonic  Circulation  and  Excuffory  Conatu^ 
together  perform  the  fame  as  an  equable  Moti- 
on in  a  Right  line  does,he  could  not  but  find  the 
Law  of  Gravity  the  fame  with  that  found  out 
before;  namely,  that  which  would  force  the- 
Planct  from  the  famcRight  hned  Tangent  which^ 
15  would  run  after  the  fame  manner,  into  th© 
fame  Conic  Sedion  towards  the  Sun,  pofitei 
afccv  the  fame  manner.  S  e  c  t  i  o  ir 
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Section   XI. 

Syjiemes  of  the  WorlJ^  and  Forcex 
veceffary  to  prefervc  them. 

o  we  have  been  explaining  the  old 
laic  Syftcm  of  the  World^  by  (hew- 
Phenomena  would  happen  in  it,  and 
y  agree  with  Obfervacion,  We  largely 
ilfo  concerning  the  Diredion  and  Law 
-■■orccs,  whereby  the  Syftem  of  the  Sun 
that  ftatc;  and  after  what  manner  (he 
ers,  who  were  Mnintainers  of  it, 
Tc  was  done.  Ir  remains  that  we  dif- 
riefly  the  Order  and  Motion  which  other 
phers  af bribed  to  the  Bodies  of  this  Sy- 
Wch  Opinions  are  now-a-days  called  the 
of  their  AlTertors;  ;ind  wc  will  ur  the 
me  (hew  the  DireAion  and  Law  of  rhc 
whereby  thofc  Sydcms  might  I'ubfifl. 

•Proposition  LXXIX. 

%fcribt  the  Semi-tichonic  Sjfiem  cf  tit 

maintainers  of  this  Opinion,  place  the 
which  is  not  moved  progrcffively  or  out 
lace,  in  the  Center  of  the  Sphere,  in 
mperficiesy^BCD,  [iv^.62.]  they  will  have 
sd  Stan  to  be  placed.  But  grant  that  the 
s  moved  about  its  own  Axis  from  Weft 
by  a  Diurnal  Motion.  Bcfides,  in  this 
the  Sun  is  moved  about  the  Earth  in 
:e  of  a  Year,  at  a  Diftaacc  equal  to  that 
h  the  Enrth  is  about  the  .Sun  in  the  Pliilo- 
tm:  And  about  the  Sun,  as  a  Center, 
N  4  tU« 
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the  five  Planets,  viz,.  Mercury,  Venus,  Mars, 
lupjcgr  and  Sanirn,  are  revolycd  towards  the 
lame  way,  and  at  the  fame  Diftances  as  they 
w^re  in  that.  Moreover,  the  Moon  revolves 
about  the  Earth,  and  about  Jupiter  and  Saturn, 
i^^ir  propi^r  Satellites,  in  the  fame  Periods  ai 
was  faid  b^forfi,  n  Fref.  if. 

This  Order,  and  thefe  Motions  of  the  great 
Bodies  qf  the  Wprl^  pleafe  moft  of  thofe  Phi- 
lofopliers,  that  the  other. Syft^pi  eyplain'd  at 
|arge  before  difpleafes,  and  which,  frprri  the  t^t 
yiver  of  it,  Co/)fr?»itrar,  is  commonly  call'd  the  C&^ 
teniican  Syftem,  as  by  Longomontanus  and  others, 
J^or  m  this  the  apparent  Diurnal  Revolution  of 
all  the  iSpars  frppi  Eaft  tp  Weft,  and  the  proper 
or  fecond  Motions  of  the  Planers  are  intirely 
ibe  iame  z%  m  ^c  Cofemkan  Syftem,  ^nd  the 
JBarth  contjpuing  in  the  mean  while  in  the  Cen- 
ter of  the  Sphere  of  the  Fixed  Stars,  i^  only 
pioved  about  its  own  Axis.'  And  tho'  they 
place  t|ie  Fi:^ed  Stars  in  the  Superfjcies  of  a 
Sphere,  whofe  Center  is  the  Earth,  that  is  to 
fee  looked  upon  rather  as  the  Aftronpipical  thar^ 
the  iPhyfical  one. 

For  the  Fixed  Stars  fcattered  as  it  were  thro' 
^he  vyhole  Mundane  Space,  rnay  be  placed  at 
difFetent  Diftances^  wichout  any  prejudice  to 
this  Sj'ftem  •  and  their  Motion  in  confetjuentiai 
explained  by  afcribing  a  very  flow  Motion  to 
the  Axis  of  the  Earth,  as  we  h^ye  explained  if 
\t\  Trap.  64.  ^  '  '        ' 

.    Proposition  LXXX, 

TO  exphin  the  DireBion  and  La-w  of.  the  Forces 
^^herebj  /^^  Semi-tychonic  Sjjlem  maj  bt 
peferve£    '        "*      -,...*         ••  ■    • 

'  -Tis  evident  firfl  of  all,  that  the  fame  Fprces 

and  the  ian;e  Diredion  are  necelTary  here  for 

■  *     the 
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>ing  che  five  Primary  Plancu,  Mcrcai, 
Mars,  Jupiter  arid  Saturn,  in  their  Or3 
ut  the  Sun,  and  the  Attendants  ot*  Ju- 
\d  Saturn  in  their  Orbits  about  Jupiter 
:urn,  as  in  che  Copcmican  Syftem.    The 
jrefpre  of  the  Cencrjperal  Force,  where- 
this  Syftem ,    the    Secondary    Planets 
:er  tend  to  Jupiter,  the  Satellites  of  Sa- 
Saturn ;  and  the  Primaries  Mcrcurj', 
Mars,  Jupiter,  and  Saturn,  and  their 
ij   towards   the  Sun,  is  known  :  For 
Force  which^in  Trop.  47.  we  dctnon* 
o  be  the  fame  with  our  Gravity,  which 
ocally  proportional  to  thefquarcof  the 
^'Tis  farther  evident,  that  this  Syftem 
^ofed,  the  Moon  is  kept  in  its  Orbic 
icy  propagated  towards  tljc  Earth  by  the 
w :  For  Vrof.  46-  where  this   was  de- 
ted,  holds  as  much,  whether  the  Earth 
5  in  the  fame  place  unmoved,  or  be  car- 

P  Annual  motion  about  the  Sun,  But 
iiference  between  the  Cofernican  and 
mlc  Syftem  is,  that  in  the  latter,  che 
it  were,  with  its  five  attending  Primary 
md  their  Secondaries,)  is  moved  about 
h  in  an  Orbit  fimilar  and  contrarily  po* 
in  which  the  Earth  with  its  atten- 
ried  about  the  Sun  in  the  former; 
Force  of  Gravity  neceffary  in  the 
Syftem,  that  the  Earth  and  its  At- 
light  be  carried  about  the  Sun, 
fccafion  for  another  Force  equal  to  it, 
?  contrary  DireAion,  that  the  Sun, 
with  the  attending  Planets,  may  be 
»out  the  Earth  at  reft  in  the  Jewi* 
'ftem:  For  thefe  two  equal  and  con- 
;es  impreffed  upon  the  Earth,  keep  it 
ay^  if  one  contrary  impetus  and  not 

to 


^^ 
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to  be  repeated,  do  but  pat  a  flop  to  the  progref. 
/]ve  morion  of  the  Earth  and  iti  attendant  the 
Moon^  along  the  Tangent  of  the  Orbls  Ahg-^ 
fitts^  and  afterwards  that  other  Force  now  de- 
fcribed,  act  upon  the  intire  Solar  Syftem,  the 
Coperfsican  Svftem  will  be  turned  into  the  Semi- 
tjebonic.  Therefore  to  prcferve  the  Seml'tycho- 
file  Syftem,  there  is  occnfion  for  both  the  above 
explained  accclerative  Gravity  of  all  Bodies  to- 
wards all  others,  which  is,  in  a  given  diftanoc, 
as  the  Body  towards  which  it  tends,  and  the 
Body  being  given  towards  which  it  tends,  is 
reciprocally  as  the  fquare  of  the  diftance  ;  and 
alfo  of  another  certain  Gravity,  cqiialtothac 
whereby  the  Earth  tends  towards  the  Sun,  a<ft- 
ing  equally  upon  the  Snn,  Mercury,  Venus,  the 
Earth,  Mars,  Jupiter  and  Saturn,  and  their  At- 
tendants, along  lines  parallel  to  a  Right  line 
ConneAing  the  Sun  and  Earth,  and  with  a  di- 
tetftion  from  the  Sun  cowards  the  Earth.  Per 
I  do  not  reckon  among  thefe  Forces,  chat  Force 
whereby  the  Earth  is  revolved  upon  its  own 
Axe  ;  becaufe  only  once  to  be  impreiTed  upon 
rhe  Earth,  as  alfo  upon  the  other  great  Bodies 
of  the  World  revolving  about  their  own  Axes: 
Nor  do  I  take  in  (  for  the  fame  reafon)  that 
Force,  whereby  the  Planets  would  defcribe  the 
Tangents  of  their  Orbits :  For  we  are  now 
treating  of  chofe  Forces  and  their  Law,  neccf- 
fary  to  prefervethe  Syftem,  and  not  of  the  For- 
ces whereby  it  may  be  produced. 

Proposition    LXXXL 

To  dafcribs    the  Tychonic  Syfiem     cf    the 
IVorhL 
Tills  differs  from  the  Syftem  defcribcd  in 
Trap.  79.  only  in  this,  thnt  the  Earth  being  de- 
prived of  all  Motion,  is  abfoluccly  at  reft;  and 

there- 
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rc  all  the  Stars,  a$  well  Fixed  as  U'an- 
irc  not  only  carried  by  their  fccond  Mo- 
3UC  alfo  hy  char  common  or  ftrll  Moiiofi 
to  Weft,  in  (he  fpace  of  a  Natural 


I 


5d,  that  the  great  T)cto  liked  this  Sy- 
td;  tho'  Others  deny,  that  TycU  alJowed 
y  d  Diurnal  Morion  to  the  Stars.  But  k 
e  confeffcd,  that  he  difpuces  agi^inft  the 
I  Motion  of  the  Earth  as  well  as  the  An- 
\nd  confcquently  it  may  be  fafcly  con- 
that  he  afcribed  a  Diurnal  Motion  to 
LVens  and  all  the  Stars. 

Pr opo SI T I  o N    LXXXIL 

txpLtm  the  DireBion  and  Law  of  the  Fet^ 
lif,  whtTtbj   the  Tychonic  Syftem  may  he 

flame  Forces  that  are  required  in  th^ 
Bbii/>  Syftem,  are  required  alfo  in  the 
"fince  the  fame  motion  of  the  Sun  and 
ftre  fuppofed  in  both.  And  beiides  thefe, 
her  Forces,  whereby  all  the  Stars,  both 
ind  Wandring,  are  drawn  from  their 
ical  motions  and  retained  in  their  Ot* 
lich  they  defcribe  by  their  Diurnal  mo- 
mt  the  Earth.  But  thefe  Forces,  fmcc 
ods  in  all  are  the  fame,  are  (by  CareL  r. 
.)  as  the  Senii-diametcrs  of  the  Circles 
(cribe.  And  therefore,  befidcs  the  For- 
lained  in  Trof,  80.  there  will  be  need  of 

fierce  tending  towards  the  Earth,  that 
in  the  recefs  from  the  Earth  as  the  di- 
increafe;  contrary  to  what  happens  in 
fthro'  the  whole  Solar  Syftem,  and  in  all 
Ivirrues  propagated  from  a  Center,  or 
nter,  in  Right  lines,  every  way  thro' 
Ipns  round  about^  which  (  by  Vro^*  48. ) 


in  its  reccfs  from  the  Center,  is  Icflen^d  in  the 
duplicate  ratio  of  tlie  diftance  increafed.  And 
that  this  Force,  whereby  the  Stars  are  retarded 
in  their  Orbits,  defcribed  by,chcir  Diurnal  Mo- 
tions, may  be  the  more  e:imy  efl.imated,  let  it 
be  corupared  ac  the  Moon  with  the  Force  of 
Gravity,  whereby  (by  Prop.  46^  the  Moon  is 
retained  in  the  Orbit,  Die  defcribes  in  her 
Monthly  Courfe  round  the  Earth.  And  fincc 
the  Circles  defcribed  by  the  Moon  in  her 
Monthly  and  Diurnal  Courfe,  arc  equal,  the 
Forces  whereby  the  Moon  is  retarded  in  them, 
(  by  CoroL  j.Prgp.  26.  )  are  reciprocally  as  the 
fquares  of  the  Times  j  that  is,  the  Force  where- 
by the  Moon,  (when  fhe  is  carried  in  the  Equa* 
tor  by  a  Diurnal  Motion  about  the  SunJ  is  kept 
from  flying  oft  in  a  Right  line,  which  is  a  Tan- 
gent to  the  Orbit,  is  to  the  Force,  whereby  it 
is  kept  in  the  Orbit  that  it  defcribes  about  the 
Earth  in  a  Periodic  Month,  as  at  27  x  27  co  r  ; 
or  as  729  ro  r .  But  this  Force  tending  towards 
the  Earth,  holds  only  in  thofe  Stars,  which  arc 
placed  in  the  Equator :  For  the  Force,  where- 
by any  Star  declining  on  one  fide  of  the  Equa- 
tor, towards  either  of  the  Poles,  is  retracted 
from  the  redilineal  Motion,  and  kept  in  an 
Orbit  parallel  to  the  Equator,  (by  Frop.iz.y 
tends  to  the  Center  of  that  Circle,  and  not 
to  the  Exarch,  which  is  fituaced  without  the 
Plane  of  it;  and  it  is,  (by  Carol,  i.  Prop.  26,) 
as  the  Semidinmeter  of  that  Circle  ;  that  is,  in 
a  given  diftance  from  the  Axe,  equal  or  the 
fame,  and  in  a  given  diftance  from  the  Earthy 
as  the  Cofine  of  Declination. 

To  prcferve  therefore^the  7>ri&mcSyftem,there 
as  required  j/.  That  accclerative  Gravity  of  all 
Bodies  towards  all  others,  which  in  a  given  du 
flancCj  is  as  the  Body  towaid^^  which  it  tends; 

and 
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»dy  being  given  cowards  which  ic 
''rcclproca!ly  as  the  Square  of  the  Di- 
7.illy.  Another  accelerative  Force  c- 
LC  whereby  the  Earth,  by  a  fupcrior 
Is  towardi  the  Sun,  snd  ading  cqual- 
le  Stut,  Mercur>',  Venus,  the  Kurth, 
ncer,  Saturn,  sind  their  Atrendancs, 
parallel  to  ft  Right  line  conne<^ng 
Id  Earth,  and  with  a  dircflion  from 
the  Earth,  iJ!y.  An  accclcratiye 
iding  towards  the  nearcft  Point  of  the 
World,  proportional  to  its  diftance 
Point,  and  reaching  to  the  fartheft 
j^'hly.  Another  Force  like  ic  tend- 
neareft  Point  of  the  Axis  of  the  E- 
id  proportional  to  the  diftancc  from 
This  is  the  Force,  whereby  the 
rs  are  retain  d  in  the  Orbits,  which 
ibc  in  their  proper  motion  from  Weft 
fcpon  the  Poles  of  the  Ecliptic,  and 
\ct  at  all  in  the  Places  that  lie  be- 
Cencer  and  the  Fixed  Stars,  but  be- 
at che  Fixed  Stars  themfclvcs  ;  and 
*0rfll.  ^.  Trop.  16. )  CO  the  like  Force  in 
of  the  World,  in  the  duplicate  ratio  of 
iral  Day,  to  the  Period  of  the  Fixed 
the  Poles  of  the  Ecliptic,  And  thef© 
iffice. 

Proposition  LXXXIII. 
^cribe  the  Ptolemaic  Syjiem. 

Syftem  the  Earth  conrinues  abfolutely 

the  Center:  Next  to  the  Earth,  the 

then  Mercuiy,   afterwards  Venus;  a- 

enus  che  Sun,  next  Mars,  then  Jupiter, 

curn  furrounding  Jupiter  juft  as  in  the 

[/•V^.  63]  fini/lting  their  Revolurions 

under 
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der  the  Zodiac  from  Weft  ro  Eaft.  Above  Sa- 
mm  the  imire  Sphere  of  the  Tixcd  StarSj(whofe 
Center  is  the  Earth,)  is  alfo  revolved  very  flov/-? 
ly  from  Weft  to  Eaft,  upon  the  Poles  of  the, 
Ecliptic.  But  both  the  Fixed  Stars  and  all  the 
Planets,  revolve  upon  the  Poles  ef  the  Equator 
from  Eaft  to  Weft,  in  the  fpace  of  a  Natural 
Day.  We  don  c  reckon  up  the  feverai  Orbs, 
Vhich  the  aJFertors  of  the  Vtaiem^uc  Syftcm, 
place  abovt  the  Fixed  Scars ;  fmce  they  are  on- 
ly of  ufe  in  the  Thtory^  and  don  c  belong  to  the 
Afpedable  World.  And  for  the  famerealbnj 
we  omit  likewife  the  Epicycles  of  each  Planet : 
For  in  the  Orbits  here  delineated,  the  Centers 
of  the  1  picycles  themfelves  are  carried  about, 
in  whofe  Circumferences  the  Bodies  of  the  Pla- 
nets themfelves  are  moved. 

In  this  Scheme  of  the  Planets,  we  have  00c 
delineated  the  Orbits  according  to  the  propor- 
tion they  have  in  the  Heavens  j  as  well  becaufe 
ftoUmy  himfelf  has  nut  declared  it  in  any,  buc 
the  Sun  and  Moon ;  and  becaufe  that  tho'  tho 
Circles,  that  carry  about  the  Centers  of  the  Epi- 
cycles, are  at  fome  diftance,  yet  the  Heavens 
of  the  Planets  arc,  in  this  Scheme  contiguous^ 
the  inferior  foraetimes  in  the  Apogarum,  afcend- 
ing  from  the  Earth,  to  a  diftance  equal  10  chat, 
to  which  the  next  fuperior  defcends  in  its  Peri- 
ga:um  :  as  becaufe  the  Orbits  of  Mercury  and 
Venus,  (not  to  mention  the  Moon)  taken  from 
the  Theories  of  PtoUmy,  do  almoft  vanifh  in  re- 
fpeft  of  the  Orbit  of  Saturn,  and  therefore  arc 
hardly  to  be  defcribed  in  this  Scheipe:  For  in 
this  Syftem,  the  diftance  of  Saturn  from  the 
Earth,is  an  hundred  and  fixcy  times  greater  than 
the  diftance  of  Mercury  from  the  Earth  :  But 
in  the  Cofanlci^n  Syftem,  the  diltancc  of  Mer- 
cury from  the  Sun,  is  only  four  and  twenty 
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h2n  (he  diftance  of  Saturn  from  the 

Order  of  the  Planets  defcribcd  above 
the  generality  of  Philofophers  aiul  A- 
yet  there  were  fomc,  w!     -'-ccd 
icxc  above  the  Moon,  then  ,y, 

'enus  ;  and  this  Opinion  i^  uiualiy  a-^ 
[T/avo;  Bu:  Torfbyrius  placed  V^enusim- 
above  the  Sun.  and  Mercurj'  above 
ie  three  others  ( Mar5,  Jupiter  and  Sa- 
idnuing  as  before:  Perhaps  induced  by 
[on,  chat  ic  was  bet;cr  for  the  two  I.uuu^ 
le  nearett  the  Earcli;  whereas  che  pr*. 
iding  their  motions  more,  placed  the 
middle  of  the  Planets^  being  fatisfi- 
tne  motions  of  the  other  Planets  in  cheir 
b^  depended  upon  the  motion  of  the 

Proposition  LXXXIV. 
I  cxfUin  tU  Dirdtion  and  Law  of  the  ^oru\ 
trtbj  tbt  Ptolemaic  Sjfltm  maj  be  p$ri 


i 


y  for  the  keeping  the  Stars  within  the 
they  defcribe,  by  their  Diurnal  Motion 
:he  Earth;  the  fame  Forces  are  neccfli^fy 
IS  were  in  the  Tycbomc  Syftcm,  for  the 
ling  the.  fame  Ened;  namely,  fuch  as 
-nd  from  any  Point  of  the  World  to  the 
I  Poinc  of  the  Axis,  and  be  in  the  ratio 
;  diftances  from  it.  Secondly,  to  conuin 
x'd  Scars  wichin  the  Orbits  which  they 
ae,  by  their  proper  motion  from  Weft  do 
jporccs  like  thofe  made  ufe  of  in  the  7}- 
Syftem,  are  neceffary-  Then  to  keep 
iminaries  (ihe  Sun  and  Moon)  in  the  Or- 
hich  they  defcribe  by  their  fecond  Moci'i 
fmce  thefe  Orbits  are  fimilar  to  their  Or- 
bits 


m^ 


bits  in  the  Tjchonic  Syftem,  the  like  Forces  will 
be  nccefll^ry  in  this  Syftem,  to  retain  them  in 
the  (liidOrbits,  as  in  that ;  namely  (by  Vrof,  80.) 
the  acceleracive  Gravity  of  the  three  Bodies, 
Sun,  Earth  and  Moon,  towards  one  another; 
(chat  may  not  afFe<a  any  other  Mundane  Bodies, 
«ho*  they  lie  between  rhefn^j  which,  in  a  given 
diftance  is  as  the  Body  towards  which  it  tends, 
and  towards  a  given  Body,  is  reciprocally  as 
the  Square  of  the  diftance  from  it ;  and  bc- 
fides,  another  fort  of  Gravity  equal  to  that^ 
whereby  the  Earth  would  tend  towards  the  Sun, 
aeling  equally  upon  the  Sun,  Earth,  and  Moon, 
by  Lines  parallel  to  a  Right  line,  conncfting 
the  Sun  and  the  Earth,  and  with  a  dirc<5Hon 
from  the  Sun  to  the  Earth,  but  fuch  as  afFctfts 
no  other  Pbnet.  For  th:it  Force,  whereby  the  j 
Sun  is  retained  in  its  Annual  Orbit,  is  not  the 
fame  with  that  whereby  the  Moon  is  retained 
in  its  Menftrual  Orbit,  propagated  unto  the  Sun: 
For  the  Force,  whereby  the  Moon  is  kept  in 
Its  Orbit,  is  the  fame  with  Gravity,  with  us, 
Cby  Vrof,  46.)  But  if  the  Sun  were  retained  by 
the  fame  Force,  propagated  fo  far  as  itfelf, 
the  Cubes  of  the  Diftances  of  the  Sun  and 
Moon  (by  ?rop,  27.)  would  have  the  fame  ratio 
as  the  Squares  of  their  Periodic  Times;  and 
therefore  fuppofmg  the  diftance  of  the  Moon 
from  the  Earth  to  be  60  Scmidiameters  of  the 
Earth,  the  Sun  would  not  be  above  j*io  Semi» 
diameters  of  the  Earth  diftant  ;  and  its  Hori- 
zontal Parallax  would  be  above  9  minutes,  con- 
trary to  all  Obfervations ;  and  befides,  there 
would  be  no  room  for  the  Epicycles  of  Mercu- 
ry and  Venus,  between  the  Heavens  of  the 
Moon  and  the  Sun,  where  they  arc  placed  ac- 
cording to  this  Syftem. 
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^of  this  Se<ft  of  Pliilbfophcfs  are  noc 
to  put  any  more  than  a  mental  difiixi- 
tween  the  Motions  of  the  Sun  and 
mdcr  the  Zodiac,  and  the  Dturnal 
;  upon  the  Poles  of  chc  /Equator,  fo 
morion  of  each  is  rcnlly  in  the  fame 
Diral  LinCj  arifing  from  thecompofition 
bove-mcmioncd  motions,  into  which 
;leftial  Motions  arc  imagined  to  be  tll- 
Aftronomcrs,  for  the  greater  cafe  ^  and 
t  fimplc  Motion  in  a  Right  Ime,  m^y 
ounded  of  two  or  more  Morions.  Buc 
that  SfJiral  is  noc  a  Line  dcfcrihed  in  a 
Body  can't  (  by  J'rcf,  ir.)  he  retdned 
\  fingle  Force  tending  to  an  immovable 
Cither  therefore^  there  is  need  of  the 
ifferent  Forces  defcribed  above,  or  cf 
Force  equivalent  to  them,  rending  to 
moved  in  the  mean  while  forward  and 
d,    and  that  io  a  very  compounded 

s,  to  keep  rhe  other  Planets  (Mcvcvt}\ 
[arSj Jupicer,and  Sarurn)  within  the  Or- 
r  defcribe  by  their  proper  Morion,  the 
rnding  to  the  Earth  are  not  fufficient, 
lemonftrated^rrrp.  i3;)norare  the  For- 
ng  to  the  Sun,  fince  the  Orbits  of  Ve- 
Mcrcury  do  notfurround  the  Sun  in 
em,  and  for  that  reafon  they  are  noc 
toward  him  in  all  their  Parts :  Where- 
m  Trof,  It,  the  thing  propofed  is  ccr- 
^nd  there  is  no  Point  in  the  Syflem, 
ft  a  Body  worthy  to  be  takeh  notice  of, ) 
be  a  Center,  to  which  the  Forces  may 
hereby  the  Planets  arc  kept  from  gc- 
in  the  Tangents;  one  of  the  above- 
reafons  contradUling  it. 

O  Buc 
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But  if  rliis  Ptolemaic  Syflem  be  underftood  li- 
tcrally,  that  is,  if  the  moaons  defcribed  by  Pto- 
Urhy^  are   not  look'd  upon  as  motions  only  fe- 
parated  by  the  Mind^  but  as  fuch  as  are  really 
in  the  Planets;  then  there  will  be  need  of  a 
Force  in  the  center  of  the  Epicycle  of  every 
Plancc,   (Saturn,   Jupiter,  Mars,    Venus  and 
Mercury,;  tending  to  the  center  of  the  deferentj 
that  is,  in  an  imaginary  Point,  (or  where  there 
is  no  Body  at  all, )  to  an  imaginary  Point :  And 
belides,  there  is  need  of  a  Force  in  the  Planet, 
itfelf,  that  may  tend  to  the  cencer  of  the  Epi- 
cycle i  that  is  ngain,  a  Force  in  a  Body,  thai 
may  tend  to  an  imaginary  Point.     But  evei 
thoft  Forces  whereby  each  Planet,  and  the  cen- 
ter of  its  Epicycle  are  urged,  are  not  propaga- 
ted beyond  its  proper  Point  and  Planet,  nor  d* 
rhey  affcift  any  other  Planets  ;  and  there  is  ftill 
need  of  a  peculiar  Force  for  the  keeping  ever' 
center  of  an  Epicycle,  and  every  Planet  in  it« 
proper  Orbit;  ib  that  ^thcre  is  no  Law  whici 
rcfpctfls  all  the  Planets:  And  the  ordinary  re- 
Ipcdive  Gravity  of  the  Satellites  of  Jupiter  ani 
Saturn,  cowards  the  centers  of  Jupiter  and  Sa- 
turn, continue  in  the  mean  time  untouched. 

After  that  the  Phafcs  of  Venus  and  Mercurj 
were  obfervcd  by  the  help  of  Telefcopes,  the 
Ptolemean  Syftem  of  (he  World  was  foon  throwii! 
afideby  Philofophers :  becaufe 'tis  evident  fron|| 
rhem,  that  the  Orbits  of  Mercury  and  Venus, 
muft  cncompafs  the  Sun  ;  as  was  fhewn  in  Scboi 
Prop.  6.    Such  therefore  as  dill  maintained,  thai 
the  Earth  was  Immovable,  made  Mercury  ant 
Venus  move  in  Epicycles  round  the  Sun  as 
Center  •  thus  far  embracing  the  PbiloUic  Syftei 
of  the  World,  and  bringing  in  again  the  olt 
f'J!Jpti^n  one  ;  chat  Vltrtr.ius  in  his  Ecok  of  Arehl 


and  Venerable  Itfiir  in  Ids  aftht  Nature  ^ 

approved  of. 

]olui  in  his  Almtigj^y  adds  Mars  to  the  At-« 
tts  of  the  Sun;  fo  that  fuch  xs  have  no 
res  of  rheir  own^  are  made  Satellite^  to 
n^  and  only  Saturn  and  jupieer  that  have 
tes,  befides  the  Luminaries,  revolve  fibonc 
rrh^as  their  im  mediate  Center  ;  and  this 
1,  which  i^  almoft  the  fame  with  the  Ty 

he  calls  his  own. 

re  is  no  need  of  explaining  the  ForCei 
leir  diredion,  that  are  requiruc  to  pre- 
he  n^g^ftun  Syflem,  or  that  other,  which 

different  from  it,  the  RJcciolic:  For  that 
svery  eafy,  from  what  has  been  faid  a- 

As  they  arc  compofed  of  the  Syftems 
r  dcfcribed,  fo  the  Forces  nccci&ry  to 
fe  them,  are  parts  of  the  rcfpedive  Forces 
led  before. 

SCHOLtUMi 

\  SedHon  was  fubjoin'd,  to  the  end,  that 
ly  Aftronomers,  (who  are  no  ways  ^ifmid 
altiplicity  of  the  Cele(lial  Motions,  and 
t  a  Poltulate,  that  any  Scar  may  be  mo- 
th any  motion,)  weighing  the  feveral  dif- 
iyftemsjraight  embrace  that  which  agrees 
ttn  the  Pharnomena  :  But  that  the  Philo- 
s  may  likewife  chufe  fuch  a  Syftem  as 
;recs  with  Nature,  namely,  either  the  Old 
'c  or  Cofemican  Syftem,  which  agrees  with 
aenomena,  and  may  be  prelcrved  by  Gra- 
Dne,  propagated  in  the  fame  tenor  thro* 
liverfe  ;  or  by  an  accelerative  force  of  alJ 
towards  all  others,  that  is,  in  a  given 
e,  as  the  Body  towards  which  it  tends^ 
:iprocaily  as  the  fquare  of  the  diftancef 
;hc  Body  is  given  cowards  which  it  tends 3 

~  o  *  Or 
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"Gr  the  Stmi-tjcbonicj  defcribcd  in  Trof.  79.  that 
performs  the  fame,  as  the  CofemlcAn^  in  regard 
of  the  Phacnomeha;  but  then  befides  the  lame 
Gravitj'jasisrequir'din  the  Copernican  Syftem, 
(by  Vrof,  8o.)ic  ftandsin  need  of  another  Force, 
whofc  Magnitude  and  Diredion  are  perpetu- 
ally changed  ;  for  this  Force  is  equal  to  that, 
whereby  che  liarth  wouhl  tend  towards  tlie  Sun, 
and  ads  equally  on  all  the  Bodies  of  the  Solar 
Syftem,  according  to  Right  lines  parallel  to  a 
Right  line  that  connech  the  Sun  and  Earth, 
and  with  a  dircftion  from  the  Sun  towards  the 
E^irth:  Or  (if  it  be  refolved  upon,  that  the 
Earth  (hall  be  or  h  intirely  ac  reft)  the  Tycho^ 
mc  Syftem  defcribed  in  ?rof,  81.  doing  the  fame 
fls  to  the  Phaenomena,  in  which  (  by  Vrof.  82.J 
befides  the  two  aforefaid  Forces,  there  is  need 
of  two  more  j  namely,  one  equal  in  every  point 
of  the  Axis  of  die  World,  that  encreafes  as  the 
Diftances,  and  is  at  the  Moon  to  the  Force  of 
Gravity  in  the  duplicate  ratio  of  the  Periodic 
Monthjto  the  Natural  Day  ^  and  another  Force 
like  it,  and  fimilarly  propagated  in  every  point 
of  the  Axis  of  the  Ecliptic,  that  ads  only  upon 
the  Fix'd  Stars,  and  is  at  the  Fix'd  Stars  to  the 
former  Force  in  the  Axis  of  the  World,  in  the 
diipUcate  ratio  of  a  Natural  Day,  to  the  great 
Year,  or  period  of  the  Fix'd  Stars  upon  the  Poles 
of  the  Ecliptic  :  Or  the  Prolenmc  Syflem  itfelf 
defcribVl  in Prop.8;.  But  this  does  not  agree  with 
the  Phenomena  of  the  Heavenly  Bodies,  as  has 
been  (liewn  in  Prop.  84.  But  if,  fetting  afide 
the  Phaenomena  of  the  Phafes  of  Mercury  and 
Venus,  we  only  attend  to  fuch  Phirnomena  as 
were  known  by  P/c/cwy,and  hisSyftem  be  cakeii 
for  true ;  (by  Prop,  84.)  befides  the  two  forts  of 
Atrraciiv^i  Forces,  equally  diffufed  thro*  the  Axis 
of  theWorld,  and  the  Axis  of  the  .Ecliptic,  ther^ 

is 
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'of'an  accelcrative  Gra^ty  of  the  Siin;i 

md  Moon  towards  one  another,  wichouc: 

g  any  of  the  other  PUnccsj  which  if  the 

a  be  given,  is  as  the  Body  cowards  wliich 

,  and  towards  the  given  Body,  rccipro- 

t  chefquaie  of  the  didance  from  icj  and 

ihere  is  occafion  for  another  Gravity, 

to  rhac  whereby  the  Earth  would  tend 

the  sun,)  ading  equally  upon  the  Sun, 

nd  Moon,  along  lines  parallel  to  a  Right 

mecflingche  Sun  and  Earth,  and  with  a 

n  from    the    Sun  towards  the   Earth, 

td  above,  it  ftands  in  need  of  ;i  pardcu- 

:e  in  the  center  of  the  Epicycle  of  each 

Planets,  Saturn,  Jijpiccr,  Mars,  Venus, 

rrcury,  that  tends  to  the  center  of  its 

t ;  and  ftill  of  another  particular  Force 

lanetitfelf,  rending  to  the  centre  of  its 

ipicycle,  without  any  prejudice  in  the 

hile  CO  the  ordinary  Gravity  of  the  Sa- 

if  Jupicer  and  Saturn.    But  if  the  ^^-ZJP' 

T  Rlcciolic)   Syftem   be  moft    fancied, 

indeed  may  be  made  \o  (blve  the  Ph.p- 

J  then,  (hefidcs  the  I'orccs  rtllding  in 

i  of  the  World  and  the  Ecliptic,j  there 

of  a   mutual  Gravity  of  the  Sun,  Mer- 

us,  the  Earth  with  the  Moon,  f  and 


I 


in  the  Coferni^iin  and  Tjchonic  j  but 
one  as  does  not  rcflch  io  tar  as  Jupiter 
jrn;  and  befiJes,  of  a  Force  equal  to 
lereby  the  Earth  would  tend  towards 
I,  which  2.^s  equally  upon  the  Sun, 
y,  Vepus,  the  Earth  cogetl-ier  with  the 
and  Mars,)  along  Right  lines  parallel 
;ht  line  conneding  the  >un  and  Earth, 
dirc<^ion  from  the  Sun  cowards  the 
d  befides  of  a  particular  Force  in 
O  }  the 
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the  Center  of  4^e  Epicyde  oCbodi  Planecs^ 
Jupiter  and  Saturn^  that  tends  to  the  Center  of 
Its  Deferent,  and  of  a  particular  Force  in  Jupi- 
ter and  Saturn,  tending  tP  the  Qm^V  of  fbew 
prop^f  IBpi^y^Cf 
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Iftronomy, 

fical  and  Geometrical. 
The  Second  Book, 


F 


the  Firfl  Motion. 


the  preceding  Book,  we  have  laid  down 
i  Principles  of  a  True  and  Ph)  (ical  Aftro- 
myj  chat  is,  we  have  explained,  in  gene- 
:  modons  of  the  Stars,  as  are  really  in  na- 
lut  fome  notice  muft  be  taken  of  the  Ap* 
:e  of  them  ^  that  is^  the  Elemencs  of  art 
uny  fitted  to  them,  are  to  be  formed, 
t  is  out  of  all  doubt  to  any  Philofopher 
nfiders  the  Rcafons  of  Things,  rhat  the 
,  carried  about  among  the  Pian^its,  fo  'tii 
certain  to  every  one  that  enjoys  his 
hac  the  Earth  appears  at  reft,  in  the 
O  4  middle 


ll 
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middlQ  of  th?  Univerfe,  and  that  the  Heavens, 
and  all  contained  by  them,  are  moved  as  to 
Senfc,  round  about  it.  Now  not  only  the  rca- 
fon  of  this  Phxnomenon  is  to  be  affigned,  ('which 
has  already  been  done,  in  the  foregoing  Book,) 
but  the  Methods  muft  be  explained,  that  the 
Aftronomers  have  ufed,  to  define  the  places  of 
the  Stars,  fecn  from  the  Earth,  who  either 
thought,  with  the  conimon  PQoplo,  that  thing* 
were  really  fo  as  they  appear,  or  who  thought 
that  this  Syftem  of  Appearances  ought  to  be  re- 
tained, tho'  they  knew  for  certain,  that  things 
were  net  after  this  manner  j  and  that  'tis  ac- 
cording to  this  Syftem  that  we  muft  fpeak  with 
the  common  People;  and  not  make  ourReafbn 
and  Philofophy  perpetually  offer  violence  to 
our  Sight  and  other  Senfes. 

To  this  end  is  this  Second  Book  defigned ; 
namely,  the  explaining  the  Words  us'd  in  Aftro- 
nomy,  and  the  giving  the  defcription  and  ufe 
of    Spheres,    Globes,    and  other  Inftruments, 
made  to  fet  before  our  Eyes  principally  the  Di- 
urnal Motion,  and  in  general  to  learch  out  in 
this  Phyfical  Syftem,  and  to  handJe  according 
to  the  apparent  Syftem,  and  Calculate  all  thofe 
matters  as  are  ufually  ftid  by  Aftronomers  to 
belong  to  the  DoBrine  of  the  Sphere :    And  tho* 
the  Dodrine  of  the  Sphere  be  ufually  firft  crea- 
ted of,  by  all  Authors,  we  have  not  been  afraid 
to  invert  the  Order;  fince  by  this  method  better 
c^ire  is  taken  againft  young  Perfons  in  learning 
Aftronomy,  their  taking  the  Syftem  where  the 
Earth  is  at  reft  for  true,  to  which  they  are  firft 
accuftomed,    and  to  which  they  are  more  in- 
clined by  their  Senfes ;  and  that  the  Dodrine  of 
the  Sphere,  in  Kepler  s  judgment,  fian^s  in  need  cf 
fever.. I  th'mgXy  thi?t  are  horroired  of  the  Thcorlc  part 
of  Afircnomy  {'or  Dodlrine  of  the  proper  Mo:  ion 

of 
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^lanets,  a  faint  Draught  of  which  you 
e  preceding  Book^)^/  anticipation^  wine' 
torit  Vart  may  be  dtUx'srd   alont^  vishotit. 
')e  ajjijtance  of  the  Diurnal  or  Ftrji  Morion^' 
Doihine  if  the  Sfbere^  which  triMts  of  it. 


P     Section  'L 

Gencntion  of  the  Circles  of  the 
re,  and  of  the  Terms  ufed  in  Aftro- 
*,  depending  thereupon. 

Proposition  I.  tf 

explain   the  generation  and  nature  of    the 

:ltftic  and  Zodiac  J  and  the  Ji'vijion  of  them  ^ 

H  Secondaries  of  the  Ecliptic,  and  their  nfer. 

Terms  ufed  in,  Afironomj  depending   upon 

^bferver  placed  upon  the  Earth,  by  ex-' 
his  Sight  every  way  equally,  if  not 
3,  bounds  the  World  by  a  Spherical  Su- 
t  concentric  with  himfelf,  fthatis,  with 
:h  j  and  judges  all  remote  Objc(fls,  whofc 
:  is  unknown,  tho*  really  very  unequally 
d  from  one  another,  to  be  placed  as  it' 
I  the  fame  concave  fpherical  Supcrficies;^ 
inftance,  he  does  the  Fixed  Stars,  Sun, 
)on  itfclf;  as  was  Ihewn  in  ?rop,  52,  B.  i^ 
)here,  concentric  to  the  Earth  and  fur-* 
ig  it,  defined  by  the  Sight,  and  befpan-' 
ch  the  twinkhng  Fixed  Stars,  fupplyifig 
'£  of  an  abfolute  Space,  is  confider'd  as 
pU'hile  we  abftrad  from  the  Diurnal 
.  whereby  this  intire  Sphere,  or  rather 
le  Heavens,  are  revolved  from  Eaft  to 
the  fiime  Space  of  24  Hours.    But  lince 

t:be  Annual  Motion  of  the  E-uth 
I  about 
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about  tbe  Sun,  the  Sun  fcen  from  the  Eatch 
ieems  to  move  forward  daily  cowards  the  more 
Eaftern  Stars  (as  was  ifaewn  in  Fr^.  z,  B,  r.)  the 
Sun  will  fccm  to  move  in  this  immovable  Sphere 
or  Mundane  Space^  and  its  Path  marked  among 
the  Fixed  Stars  is  call'd  the  Ecliptic^  becaufe 
the  Eclipfes  of  the  Luminaries  happen  only  in 
this  Line  ^  as  was  fliewn  above. 

Having  once  fettled  the  Ecliptic^  'tis  evident 
Aat  as  all  the  Orbits  of  the  Planets  about  the 
Sun,  are  not  in  one  Plane,  but  each  of  the  Pla- 
nets (een  from  the  Sun,  makes  an  excurfion,  ^ 
fomctimes  on  this  fide,  fometimes  on  that  fide 
of  the  Way  of  the  Earth,  marked  among  the 
Fhc'd-  Stars ;  fo  the  fame  Planets  feen  from  the 
Earth,  make  an  excurfion  fometimes  on  this 
fide,  fometimes  on  that  fide  of  the  Ecliptic,  and 
even  in  the  fame  points  of  their  Orbits  feem  co 
run  off  varioufly,  according  co  the  different  fitu- 
ation  of  the  Earth,  (as  was  fhcwn  in  Frop,  y .  and 
8,  £.  I.)  But  their  greateft  excurfion  is  con- 
tained within  the  boundaries  of  ten  Degrees  ; 
the  Aftronomers  therefore  have  called  that  trad 
which  the  Sun,  Moon,  and  Planets  feem  to  a- 
dorn  with  their  motions,  and  which  is  a  Zone 
or  Belt,  twenty  Degrees  broad,  (ten  on  each 
fide  of  the  Ecliptic,^  by  the  name  of  the  2^ 
Jiac,  from  the  images  of  Animals,  which  tbe 
Fixed  Stars,  in  that  trad,  Icem  to  reprefcm. 
The  number  of  the  images,  pitched  upon  by 
them,^is  twelve  ;  either  becaufe  this  number 
fcQf^s  the  iitteft,  for  its  being  divifible  into  pans 
witnouta  remainder,  as  two,  three,  four,  fix,  and 
twelve  i  or  becaufe,  while  the  Sun  feems  to  run 
thro'  the  Zodiac,  in  the  fpace  of  a  Year,  there 
happen  near  upon  twelve  Lunations,  or  the 
Moon  runs  thro'  all  her  Phafes  twelve  times. 
Thefe  parts  of  the  Zodiac  are  called  Signs,  anjil 
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larks  are,  Aries  V,  Tatirus» ,  Gemini  Hg 

r  S,  Leo  Si,  Virgo  nt,  Libra  :^,  Scor- 

Sagitarius  / ,  Capricornas  yp,  Aqaarias- 

ces  K .    Every  one  of  thcfe  Signs  is  aeainr 

I  into  ;o  equal  parrs,  fo  thar  rhe  whole 

(like  aU  ethers)  is  divided  into  560.  Tho' 

>diac  or  any  other  Circle  has  no  begin- 

or  ending,  properly  fpeaking;  yet  Aiho- 

j  begin  their  reckoning   from   the  firft 

f  Arie;,  which  the  Siin  is  fecn  in  when 

Y*  and  Nights  are  equal,  and  Spring  be>- 

I  the  Inhabitants  of  the  Northern  Hemi- 

which  alio  is  the  point  of  ihe  commoa 

iion  of  the  Edipcic  and  Equator ;  a^- 

wn  in  Prep.  ;  J.  /?.  I-    The  reckoning  is 

om  T  to^,  u,  and  fo  on,  till  a  return 

!  to  Y,  the  beginning  again  towards  die 

ay  that  the  Sun  feeras  to  move  about  the 

And  the  motion  or  progrefs  this  way 

o  be  in  covfejttcnri.T  Jtgnortmiy  or  according 

>rder  of  the  Signs;  namely,  that  accor- 

which  the  Sun,  Moon,  and  almoft  rhe 

he  Planets  fecm  to  move:  But  that  Ph«- 

»n,  which  is  carried  in  the  contrary  or- 

from  «  to  Y ,  or  from  Y  to  X ,  is  faid 

lOved  contrary  to  the  order  of  thcSigns^ 

afe  the  Axis  of  the  Earth  after  feveral 
ons  about  the  Sun,  goes  a  little  oflF 
Site  parallel  to  that  it  formerly  had,  de- 

the  Superficies  of  a  Cone,  the  images 
Stars  have  removed  from  the  Signdbf 
diac,   to  which  they   originally   gH'c 

And  this  happens  not  upon  the  account 
notion  of  the  Stars  or  the  Zodiac,  but 
the  j^quaror  of  the  Earth  is  moved  co- 
Vvith  the  Axis  of  the  Earth,  fo  as  that 
idions  of  the  Celeflial  ^Equator,  with 

the 
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the  Ecliptic,  or  Equinoftial  points,  (and  conft- 
quendy  all  the  points  of  the  Zodiac,  as  they 
ace  cxpreffible  by  numbers)  remove  in  antecfdm- 
tia;  and  the  images  or  the  Fixed  Stars  feem  to 
be  transferred,  in  refpeft  of  them,  in  confequm- 
tia,  as  was  (hewn  in  Trof,  64.  B.  r. 

If  innumerable  Circles  be  fuppofed  to  b& 
drawn  thro'  the  Poles  of  the  Ecliptic,  cutting 
the  Ecliptic  at  right  Angles,  which  are  called  its 
Secondaries^  any  point  in  the  Heavens  may  be 
referred  to  the  Ecliptic,  by  the  help  of  them; 
that  is,  any  Phafnomenon  is  underftood  to  be  in 
that  point  of  the  Zodiac  or  Ecliptic,  in  which 
fuch  a  Semicircle,  paffing  thro*  the  Phaenomc- 
non,  cuts  the  Ecliptic.  And  the  Phaenomena 
that  are  after  this  manner  referred  to  the  fame 
point  of  the  Zodiac,  are  faid  to  be  conjun<^i, 
or  in  ConjunSlion;  but  fuch  as  are  referred  to  the 
oppcfite  points^  are  in  Oppc/Ition.  If  a  Quar- 
ter of  the  Zodiac  lie  between  the  points  to 
which  the  appearances  are  referred,  they  are 
faid  to  be  in  a  ^artiU  Afpe(5t,  but  if  a  third 
part  of  the  Zodiac,  in  a  Trine  Afped;  laftly, 
if  a  fixchpart  of  the  Zodiac  lie  between  them^ 
they  arc  laid  to  have  a  Sexfile  Afpedl. 

Befides,  an  Arc  of   the  Ecliptic  intercepted 
between  the  be|;ianing  of  Aries  and   the  faid 
point  of  interle{5lion,  and  reckoned  according 
to  the  order  of  the  Signs,  is  called,  the  Lofjgf- 
tudc  of  that  Phaenomenpn  or  Point,  as  the  Artf 
of  a  Secondary,    intercepted  between  the  E 
cliptic  and  the  faid  Phaenomenon  or  point  of  the 
Heavens,  is  called  its  Latltrnde  j  on  which  a&i 
count  thefe  Secondary  Circles  arc  called  Circhi 
cf  Latitude.     The  Latitude  is  cither  Northern  Of 
Southern;  for  the  Heavens  are  divided  accordin^ 
to  Aftronomers,   by   the  Ecliptic,  (a  Celeflia 
Circle,    becaule  originally    confidei'J    in    the' 
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fis)  into  the  Northern  and  Soathcrn  Hc- 


1'  Proposition  II. 

gi've  an  account  of  the  gtnejts^   nature^   eni 

ujes  of  the  Ctlefti.il  Equinoctial  and  its   S€~ 

es  and  Taraliels^  and  to  explain  the  Tgrms  uftd 

momjf,  depindifig  xbtreon, 

}c  Plane  of  the  Earth  s  Equator  or  Cir- 

Cg  exadly  betwixt  the  Poles,  upon  which 

rth  is  revolved  by  its  Diurnal  Motion,  be 

:d  everjr  way,  it  will  incerfed  the  Sphe- 

irface  of  the  Heavens,  concentric  to  the 

in  a  correfponding  Circle  in  theHea- 

nd  the  Axis  of  the  Earth  produced  will 

It  the  Poles  in  the  fame  Sphere.    And 

:  Earth,  with  its  Axe  and  /Equator,  be 

about  the  Sun  in  the  Annual  Moiionj 

Circle  defcribed  by  the  Earth,  is  fo  fmall, 

d  of  the  Fixed  Stars,  thac  the  Axis  and 

r  of  the  Earth  (every  where  parallel  to 

'Cs)  being  produced,  falls  upon  the  fame 

:ars,  as  to  Senfe,  and  therefore  all  the 

xed  Stars,  that  retain  the  fame  fituation 

1  of  one  another,  retain  alfo  the  fame 

in  regard  of  the  Equator  and  Poles  of 

rens,  excepting  fo  far  as  the  Axis  and 

on  the  Earth  do  not  continue  parallel 

another^    concerning  which   we  fhall 

the  following  Propofition,     And  be- 

e  Earth  revolves  upon  its  own  Axis, 

ice  of  a  natural  Day,  from  Weft  to  Eaft, 

?^  fcparace  from  the  Earth  will  feem  to 

'rCircle  in  the  Concave  Sphere,  paral- 

Celeftial  Equator  in  the  fame  time 

to  Weft,  the  Eye  being  placed  in  the 

judging  its  own  Habitation  to  beun- 

'45  explained  at  large  in  frop,  ji.  B.r. 

But 
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But  becaafe  the  Earth  is  carried  about  the 
Sun  in  its  Annual  motion,  the  Earth's  ^Equator 
continuing  always  parallel  to  itfelf,  applies  it^ 
felf  only  twice  a  Year  to  the  Sun,  fo  as  that 
the  Sun  may  be  found  in  the  Plane  of  it  pro- 
duced, and  confcquently  that  the  light  of  tha 
Sun  may  reach  to  both  the  Poles  of  the  Earth, 
and  every  point  of  the  Earth  turn'd  about  in 
the  Diurnal  motion,  may  be  as  long  in  the 
'  Light  as  in  the  Dark,  (  as  was  fliewn  in  Prop. 
55-  J5, 1.  )  that  is,  the  Sun  is  fecn  only  twice 
a  Year  to  defcribe  the  Celeflial  Equino^al 
Circle  in  its  Diurnal  motion,  in  which  cafe 
the  Days  will  be  equal  to  the  Nights  to  all 
the  Inhabitants  of  the  Earth  :  For  the  Equi- 
nodial  interfeds  the  Ecliptic  in  the  Point  in 
which  the  Sun  appears  among  the  Fixed 
Stars,  when  its  Light  reaches  to  both  the  Poles 
of  the  Earth,  and  caufe  the  Equinox  through 
all  the  Globe  of  the  Earth.  For  in  every  other 
cafe,  the  Sun,  in  its  Diurnal  motion  (like  the 
other  Celeflial  Bodies)  feemsco  defcribe  Circlej 
parallel  to  the  Equino<ftial,  among  which  they 
are  the  mofl  confiderable,  that  the  Sun  feems  to 
defcribe  in  the  Heavens,  when  the  Poles  of  tlje 
Earth  do  moft  incline  towards  the  Sun  ;  that  U, 
when  the  Sun  is  feen  from  the  Earth  in  the  be- 
ginning of  the  Signs  of  Cancer  and  Capricorn 
fimong  the  Fixed  Stars;  which  therefore  ar« 
c:illed  the  Tropes  of  Cancer  and  C^'prifor*;,  becaufc 
the  Sun  returns  immediately  from  thence  to- 
wards the  Equator.  There  are  two  other  Circles 
alfo  parallel  to  the  Equinoc'tial  Circle  (namely 
thofe  which  thePolcs  of  the  Ecliptic  feemto  de* 
feribe  in  their  Diurnal  motion  ;  and  by  con* 
fequcnce  are  as  far  diftant  from  the  Poles  of  the 
Equinoiftial  as  the  Tropics  are  from  the  Equi« 
no^ial,)  called  the  Velar  girchs,  cither  becaufi 
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are  defcribed  by  die  Poles  of  the  Ecliptic 
le  firft  or  Diurnal  motion,  or  bccaufc  they 
icar  the  Poles  of  the  Equinodkial,  which 
lUcd  die  Poles  of  fie  IVorld;  bccaufe  all  the 
d  befides  the  Earth,  feems  to  be  moved  a- 
chem  in  the  fpace  of  24  Hours.  The  Equi- 
al  Circle,  as  ufual,  is  divided  into   ;6o 
xes,and  thefeDegrces  are  reckoned  towards 
pmc  parts  with  the  Degrees  of  the  Hclipric 
[>diac,namely,  from  Weit  to  Eafl,  according 
e  order  of  the  Signs,  and  from  the  fame  be- 
ng  i  namely,  the  firft  Point  of  Aries.    As 
Point  in  the  Heavens  is  referred  to  the 
ac  by  the  Secondaries  of  the  Ecliptic,  fo 
C  Secondaries  of  the  Equator, it  is  referred 
:  Equinodial.    And  the  Arc  of  the  Sccon- 
comprehended  between  the  Point  and  the 
tor,  is  called  che  Declination  of  that  Point ; 
}  or  ScHtby  according  as  it  is  towards  this 
at  Pole.    For  a  Point  is  faid  co  decline  juft 
ich  as  it  is  diitanc  from  the  Primary  Circle, 
;  the  middle  and  principal  one  of  the  Diur- 
kotion  which  moft  affefts  our  Sight.    This 
pec  or  Declination,  belongs  to  the   Se- 
iries  of  the  Equator,  which  are  therefore 
I,  the  Circlet  of  Dedinaticn :  The  chief  of 
1  are  the  two  CoIhus,  one  of  which  paffing 
the  interfe<ftions  of  the  Eclipric  and  Equa- 
K  points  of  the  Equinoxes,  is  called  the 
o^ial  Qolure ;  and  the  other  at  right  angles 
the  former,  is  called  the  Soljiitlal  Colure,  bc- 
ic  meets  che  Ecliptic  in  the  remotclt  Points 
the  Equator^  where  the  Solfticcs  are  ce- 
;ed. 
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Proposition    III. 

TO  give  an  account  of  the  naturt  and  tifes  of 
the  Irrrejhial  Equator ^and  its  SeconJaries  and 
TnraUelsy  and  explain  the  Terms  ujcd  in  Jfironomy 
and  Gecgrnfhy  dependiftg  thereon. 

The  Equator  is  properly  a  Terreftrial  Circle, 
bccaufe  exifting  origiriv^lly  in  the  Earth,  and 
transferred  to  thel  leavens  only  upon  the  account 
of  the  Firft  Motion,  (which  is  only  an  appar- 
rcnt  one  in  the  Heavens.)  Irs  four  principal  Pa- 
rallels, the  two  Tropics,  and  as  many  Polar 
Circles,  mny  be  underftood  to  be  on  the  Earth, 
either  as  fo  many  Circles  lying  direiftly  under 
the  Circles  in  the  Heavens  of  the  fame  name, 
the  generation  of  which  we  have  (hewn  in 
the  preceding  Proportion ;  or  (which  is  more 
natural)  as  originally  generated  in  the  Earth  it- 
felf.  And  then  the  Tropics  will  be  Circles  on 
the  Earth,  lying  direilly  under  the  apparent 
Courfe  of  the  Sun,  when  the  Pole  of  the  Earthy 
which  is  ncareft,  inclines  moft  to  the  Sun :  But 
the  Polars,  fiich  as  bound  thofe  trads  of  the 
Earth,  as  have  at  that  time  perpetual  Day  or 
Night,  as  was  explain  d  in  Frof.  ;?.  B  i. 

Thefe  four  Circles  parallel  to  the  Equator, 
divide  the  Globe  of  the  Earth  into  five  Zones' 
of  which,  that  is  the  Torrid^  which  is  contained 
between  both  Tropics,  becaufe  lying  diredtly 
under  the  courfe  of  the  Sun,  and  receiving  its 
diredand,  by  confequence,moft  powerful  Rays. 
The  Inhabitants  of  this  Zone  are  called  y^mphi" 
fcians,  becaufe  the  Shadow  of  a  Pcrfon  (land- 
ing upright,  moves  as  well  towards  the  right  as 
the  left  hand  of  him  that  obfervcs  it,  and  becaufe 
the  Noon  Shadow  at  certain  different  times  of 
the  Year,  is  projeded  towards  both  the  Poles. 
The  trads  of  Land  included  within  the  two 
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Circles,  make  two  other  2w»f/ ;  both  of 
fe|;/^,becaufethey  receiveonly  thcoblique 
tifequently  the  weakcft  Kay?    of    the 
jat  are  not  therefore  able  to  thaw  or  dif- 
te  tohsefionof  the  Ice,  that  froze  during 
nter  and  long  Night-cJmc,  in  the  follow- 
nmerj  or  as  long  aDuy-rime.  ThdJith;i- 
of  chefe  Zones,  in  regard  of  the  Shudowy 
cd  Pmfcians ^hcc^uk  the  fhadow  (the  Sun 
ing)  moves  round  about  ihem.    Bctwetn 
rrid,  which  is  the  middle,  and  the  two' 
which  are  the  extreme  Zones,  He  twf> 
caird  the  Tempevate  Zoftet^  becaufe  par- 
ol the  affections  of  boch  the  adjacent 
!S;  the  Northern  of   which  is  bounded 
Tropic  of  Cancer  and  the  Arftic  Polar 
and  the  Southcmy  by  the  Tropic  of  Ca- 
and  the  Antar^ic  Polar  Circle.     And 
J  Ancients  faid    that  thefc  onfy  were 
ate  and  habitable,  yet  experience  now* 
VS,  that  both  the  Frigid  and  Torrid 
;rcfic  for  the  nonriflimcnt  of  Animal?, 
getables;    feveral  other  Caufes,  partly 
,  and  partly  Aftronomical,  making  com- 
nt   for  the  coo  dire^  or  oblique  inci-= 
f  the   Rays.     The   Inhabitants  of  tha 
ite  Zones  are  called  H£ttfafci:msy  be- 
leir  Noon  (hadow  is  thrown  only  to- 
ne Pole,  T-'t:::,.  the  neareft,  and  carried  a-* 
ly  towards  one  quarter,  as  it  is  wirh  us) 
ibit  the  Northern  Temperate  Zonc^  and 
>wn  fhadow  projeded  towards  the  right! 

J  fuch  as  live  upon  the  Equator,  havo 
ys  and  Nights  always  equal,  becaufc  as 
Equator  as  the  Circle  diflinguilliing 
jhtened  part  of  the  Earth  from  the  ob- 
5  great  Circles  of  the  Sphere  •  and 
;,  (by  ?rof.  rr.  Bo^k  i.  t/jcofhf. ) 
P  Oa^^ 
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they  bifect  one  another;  confequently,  each 
Point  in  the  Equator  carried  round  about  equa- 
bly in  its  Diurnal  motion^  is  as  long  in  the  light 
as  in  the  dcirk.  But  to  an  Inhabitant  living 
without  the  Equaror  towards  either  Pole,  the 
Days  are  longer  than  the  Nights,  when  the 
Pole  of  the  Earth,  that  is  neareft  inclines  to- 
wards the  Sun,  and  are  then  the  longeft,  when 
that  Pole  inclines  moft  towards  the  Sun :  And 
the  farther  an  Inhabitant  lives  from  the  Equa- 
tor, the  longer  are  the  longeft  Days  to  turn, 
till  at  tail  at  the  Polar  Circle  in  Sunimer,  thece 
is  no  Might  at  all ;  as  has  been  fhewn  at  large 
in  Prop.  ;  J.  5. 1.  This  is  the  reafon  why  'Ptolemy 
and  other  Geographers,  divided  the  Earth  by 
Circles  Parallel  to  the  Equator,  diftalat  from 
one  another,  and  their  beginning  ('uhc.  the  E- 
quator,)  fo  much  as  that  the  longeft  Day  is  a 
quarter  of  an  Hour  longer  in  one  Parallel  than 
in  die  other  nt^tP^vdkL  They  take  no  notice  of 
any  diviiion  into  leirerparts,becaufe  they  would 
be  Ibarce  fenfible  ;  and  they  looked  upon  this 
ipace  (tho'  properly  a  little  Zone)  as  in:iivi- 
(ible  in  regard  of  Latitude,  and  therefore  they 
caird  It  a  Paralldy  Circle  being  underftood. 
Making  the  Equator  then  to  be  the  firft  Paral- 
ieij  the  lecond  pafles  thorough  thofe  parts  of 
the  Earch,where  the  longeft  Day  is  12^  Hours ; 
the  third  throrough  them,  where  the  Day  is  11^ 
Hours,  and  fo  en ;  and  in  the  other  Hemifpherc 
'ifror  the  fiime  manner.  Two  fuch  fpaces  make 
a  Cin/nne^  which  therefore  differ  from  one  ano- 
ther the  length  of  half  an  Hour,  Each  Climate 
receiv'd  a  name  from  fome  conliderablc  Place 
lying  in  it  near  its  middle  :  and  therefore  there 
mull  be  24  of  them  reckon  d  from  the  Equator 
<o  either  Polar  Circle,  fincc  the  greateft  or 
lonrjeft  Day  is  12  Hours  longer.  But  the  An- 
cients 
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did  not  begin  this  reckoning  from  the 
or  itfelf,  but  made  che  ftrft  Ctimace   to 

iro*  the  Illand  Mtrotj  where  ihc  longclt 
ivas  found  to  be  an  whole  Hour  longer 
ra  Hours^  cither  becauic  they  left  this  R©- 
near  the  Equator  for  a  right  Sphere,  in 
\  of  which,  chc  ether  Regions  on  the  fides 
irecalled  KAi^(flai  or  becaufc  perhaps  they 
i  the  interior  pares  to  be  uninhabited: 
Ptolemy  lays,  there  were  fcveral  in  his 
who  maintained,  that  there  were  habita* 
s  under  the  Equinodial  icfclf,  juft  ns  it 
in  a  temperate  Region  ;  but  the  People 
Age,  had  not  to  that  D.iy  penetrated  thi- 
Vtohnty  has  not  given  us  an  exadt  compa- 
of  the  Parallels,  fo  far  as  to  the  Polar 
J  irfelf,  they  being  more  numerous  rherc- 
^y  and  he  not  thinking  it  worth  his  while 
over  nice  in  his  enquiries  in  the  more 
lern  Parts.  As  for  the  Climaces  on  the  o- 
de  of  the  Lquator  towards  the  Antarctic 
he  has  given  each  of  tliem  fuch  a  name, 
;ifies  chat  this  unknown  Climate  is  as  far 
tfrom  the  Equator  towards  the  South,  as 
tin  known  one  is  from  the  fameEqua- 
wards  the  North  ^  as  the  Climate  hvlt/U" 

the  Places  of  the  Stars,  or  any  Points  in 
[eavens,  are  computed  as  to  their  Longi- 
md  latitude,  by  the  ni£ans  of  theEclip- 
which  is  properly  a  Celeftial  Circle )  and 
;ondaries ;  fo  the  Longitudes  andLacitudea 
ces  on  Earth,  arc  computed  in  cheEqua- 
rhichis  properly  a  Circle  on  the  Eanh,) 
s  Secondaries  paffing  thro'  the  Poles  of  chc 
,  Any  fuch  Secondaries  drawn  thro'  any 
upon  the  Earth,  is  called  the  AUridhn  of 
Place,  becaufe  when  the  Earth  hvis  in  iti 
P  z  Diur- 


fts  chat  ^  $a&>'i$  Ift  ^  PlatieN^:'^#Circte 

()radnced>  it'  1^  No^^^sf  $  ar  (Kiffi  lief^iolf 
argdy  explaWd  Mreafeer*  The  tM^jiife  of  dAj^; 

.  Place-k  an  Atviaf  rfiip  Secondary'<#^thelS^ 
tor^  or  of  a  Mtftidian^  intercq>te4-betweetf  iM. 
Equator  and  tfae^  Place  :^  And  ic  ]&:dtlet<'lt;lrt^. 
or  South,  as,  tht PMce^ diftantpibin  ch4& E^^ 
tor tcf)vairds  tho:- Ijforch  t>r  ScHich*  Pole:-  Btttf 
iiOngiciide  of  aPla^  iiicbtepnted  from  the 
towards  th&  Es^  in  die  Eqoacor  itfetf,^  be< 

'  the  bcmodaiy  <^  the  liand  towards  dte  W^ 
bececrknowtt  than  tH»  towards  the  Eaft;  *^  'ikX'i 
Ik^aie  the  £qittcbttiari!io  beginning/  Jiori^ 
Cardinal  Poic^y^as^tiwe  is  in.  d)e  ¥ksiteiSl 
marlced  butby  its&tdfMiii»<i"^ichthe1E9Hp^' 
d»  fi^  Mertdim^^fiM^ 
thcf  Equator  the  ^betttnttfig  of  th6  «M^Jtaillg^ 
to  be  made,  was  left  to  the  liberty  of ^  the  ^eo*- 

""praphers  to  be  fettled.  iNow,  thpyallowof  no 
dry  and  habitable  Land  befides  the  Conringenc 
they  themfelves  inhabited^  together  with  the  ad- 
jacent Ifles ;  th^y  feigned  therefore  a  firft  Me- 
ridian pafSng  thro'  the  moft  Weftem  Place  of 
the  Earth,  that wasthen  known^  (as the  Az^m 
ot  Fonunate  Iflands ;  and  from  thence  towards 
the  Eaft,  they  difpofed  of  all  Places  on  the 
whole  Surface  of  the  Earth,  in  regard  of  Lon^ 
gitude;  and  called  the  Lon^ttdt  of  the  Place, 
that  Arc  of  the  Equator  which  was  intercepted 
between  the  JFiV/  Meridian  and  the  Meridian  of 
the  Place,  But  when,  they  foupd  the  Globe  ci 
the- .Earth  was  really  Inhabited  all  about,  and 
there.  Was  no  fuch- thing  as  a  moft  WefternPlace, 
the  above- mentioned  way  of  reckoning  the  Lon- 
gitude of  Places  was  by  degrees  ncgleded,  which 
would  have^been  of  great  ufe  in  underftanding 
the  Monuments  of  the  Ancients  J  ( tho*  itmighc 
-'■:  :  'I  '  ,  ilill 
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made  ufe  of; )  and  every  one  made  the 
.an  of  his  own  City  to  be  the  chief,  and 
oticetiow  the  Meridians  of  other  Phccs 

1  towards  rheEaft  or  Weft  Hand  in  reg;ird 
^  or  how  many  Hours  there  are  between 
)re  Enftern  Meridians  leaving  the  Sun, 
:  more  Weftern  Meridians  overtaking  of 
)ecween  the  Sun  s  fctming  to  leave  the 
paftern  Meridian^  and  arrival  at  the  more 

n. 

in,  the  Inhabitants  of  the  Earth  being 

red  together  in  regard  of  the  Meridians 

ralkls,  fome  of  them  arc  called  by  Geo- 

rs  the  Ftrhci,  and  tliey  inhabit  in  the 

Parallel  of  the  Ear:b,  but  in  oppofirc  Me- 

.  (Theoppbfite  Meridians  arc  theoppoiite 

of  the  fame  Circle  compnred  from  the 

becaule  fuch  Places  as  arc  in  fuch  oppo- 

datcircles  are  referred  to  oppoficc  points 

Equator  of  the  Earth.)    On  this  account 

kci  enjoy  the  fame  Scalbns  of  the  Yc:ir, 

on  of  the  inclination  towards  the  Sun  of 

»le  of  the  Earth  which  is  ncarclt  to  both, 

Jeclination  from  the  Sun  ;  or  fpcaking 

ing  to  the  apparent  reft  of  the  Earth,  be- 

he  Sun  approaches  after  the  fame  man- 

R^ards  the  Parallel  of  both  Places,  (becaufe 

nc)  or  recedes  from  it:  But  they  have 

ite  changes  of   Noon  and  Midnight,  ac- 

g  as  the  Meridian  of  the  one  or  the  o- 

turned  to  the  Sun  by  the  dinrna!  rcvoln- 

"the  Earth,  or  (which  is  all  one,)  as  the 

irried  about  us  in    its  apparent  diurnal 

tion,  approaches  to  the  Meridian  of  the 

the  other  of  them  ;  unlefj  they  live  in  a 

Zone,  where  they  enjoy  the  Day  toge- 

Again,  other  Inhabitants  of  the  Earth  are 

Antoed,  and  they  live  in  the  fame  Mcri- 

P  I  dian. 
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diac^  but  in  oppoiite  Paraliels^fo  that  they  have 
the  fame  Noon  and  the  fame  Midnight ;  be- 
caufe  they  have  the  lame  Longicode.  But  cho 
Summer  of  the  one  is  the  other's  Winter,  ac- 
cording as  the  Earth  in  its  annual  motion  turns 
fometimes  its  Nonh  Pole,  and  afterwards  its 
South  Pole,  more  towards  the  Sun ;  or  as  the 
Sun  declines  from  the  Equator  to  this  or  the 
other  Pole.  And  laftly,  others  are  call'd  Afh- 
ttfoJesy  becaufe  they  live  in  oppofice  Meridians 
and  Parallels,and  walk  with  their  Feet  diametri- 
cally oppofite  to  ours.  Thefe  have  exaftiy  tho 
contrary  things  happening  to  them :  The  onehas 
Summer  and  long  Days  or  no  Nights,  at  the 
fame  time  as  the  other  hasWinter  and  ihortDays 
or  perpetual  Nights  j  'tis  Night  here  when  'tis 
Day  there,  and  Night  there  when  'tis  Day  here: 
'Tis  evident  an  Inhabitant  of  the  Equator,  is  an 
Antoecian  to  himfelf^  and  that  the  fame  Perfon 
is  both  PericEcian  and  Antipodeto  him  ,■  feut  that 
an  Inhbitant  of  both  the  Poles  is  a  Peroecian  to 
himfelf,and  that  his  Antoecian  is  the  fame  as  his 
Antipode. 

POPOSITION  IV. 

TO  give  an  account  of  the  generation  and  na* 
turc  of  the  Horizon  and.  its  Secondaries  and 
TaraUelsy  and  to  explain  the  Ttrtns  in  Aftronomy  dt" 
fending  thereon. 

Befides  the  lately  mentioned  Circles  of  the 
Equaror  and  Ecliptic,  in  refped  to  which.  A- 
ftronomers  have  determined  the  Places  of  the 
Siiars  viewed  from  the  Earth,  there  is  another 
called  the  Horiz^n^  which  is  the  great  Circle, 
that  every  one  ftanding  in  an  open  Plain,  de- 
fines by  turning  of  his  Sight  round  about,  and 
that  divides  the  vifible  from  the  invifible  part  of 
the  Heavens.    This  Circle  is  the  molt  conllde- 

rable 
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fall  in  a  Sphere  to  appearance;  becanlc 
ftte!y  tnkcn  notice  ot  '.md  determined  by 
Hferver,  tho'  the  moft  unskilfvtl.  Itsgc- 
Jfttit  true  Syftcm,  has  been  JcUver'ii  ir- 
fxfrnp,  ji.  B.  T'.  ?^ut  bccHufe  the  Sphen- 
^ferficie?,  to  which  we  referred  r*'  '  -!c- 
ha-nomena,  is  fiipprfct!  to  be  -  rjc 

he  Earth  and  rot  the  Eye,  u  Plane  that* 
thro*  the  Eye  and  touches  the  larth,  will 
iride  it  ihto  equal  ^cgm?nts  ;  therefore 
jrfeon  there  defcribed,  generated  by  the 
1  of  thefaid  Plane  and  Sphere,  i^  proper- 
led  the  Styfible  Horizon  ;  becaitfc  defined 
ife:  And  the  Riztknal  Horizon  of  this  Spc- 
15  that  which  is  made  by  the  Sedion  of 
3  fphericU  Superficies,  by  a  Plane  para!- 
he  SenfiHe  Hoii/on,am\  pndinpthro'  the 
of  the  E'arth.  Thele  two  parallel  PK^r.ci 
ted,  will  mark  out  the  fame  Cirdc  m  the 
icies  of  that  very;  '  :tn 

iced  Stars  are  feen^  L ,, - :.._  :..,....  .  in- 
to the  Spliere  of  the  fixetl  Stars,  is  bur 
Point*  From  whenc:  'tis  evident,  rhnc 
)rizon  <:onJldered  among  the  l-ixed  Stars 
cat  Circle  in  a  Sphere,  every  way  eqni- 
fromthe  Point,  cxaelly  over  the  Head  of 
;rlbn  (whofeHori/on  it  is,)  called  the  Zc~ 
dfrom  the  oppofrte  to  k  theAW/r  t  Whicft 
I  therefore,  namely  the  Zenith  and  Nadir 
5  Poles  of  theHorizon^in  which  the  Sccon- 
oftheHorizon^drawn thro' all  the  poinrsof 
lavens,  crofs  one  another,  which  are  there- 
;allcd  Vtrticalsy  and  fometinics  Jx^rrturbi  • 
e  Parallels  of  the  Hori^/on,  whether  fupw 
CO  be  above  or  below,  towards  the  Ze- 
r  Nadir  are  called  AlmhavstYs.  There  are 
f  chefe  Vertical  Circles, that  aremoft  con- 
»le/heone  paffingchro'theZenith(the  com* 

moa 
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mon  Node  of  all  the  Verticals^  apd  the  Poles 
of  the  World,  call'd  the  Meridian;  namely  the 
Cekpal ,  l)ecaure  being  direflly  over  the  Ter- 
feftrial  Meridian :  This  Circle  interfe<9?  thcHo^ 
rizon  in  the  Cardinal  Points  of  South  and^otth, 
^nd  mar^s  them  out.    The  other  chief  Vertical 
is  at  Right  angles  to  this,   and  i^iterfeds  the 
Horizon  ip  the  poins  of  Eaft  and  Weft ;  and 
becaufe  the  former,  tho'  a  Vertical,  is  called 
likewife  \>y  another  narpe,  'viz,,  a  Meridian,  this 
latter  has  the  name  of  the  Trimary  Vertical  left 
intirely  to  itfelf.    By  the  help  of  the  Horizon 
and  its  Secondaries,  any  point  of  the  Heavens 
whatever  is  difpofed  of  according  to  its  Alti- 
tude above  or  Depreffion  below  the  Horizon> 
and  Azimuths.    That  is,  the  Altitude  or  Df- 
p-ejjion  of  any  Point  is  an  Arc  of  a  Vertical  Cir- 
cle intercepted  between  the  fame  Point  and  the 
Horizon :  And  the  AzAmmh  is  an  Arc  of  the 
horizon  intercepted  between  the    North   or 
South  Cardinal  Point  and  that  Point  wherein 
the  Vertical    drawn   thro'  the  Phaenomenon, 
meets  the  Horizon  ;  which  is  Eiiftem  or  Wefiern^ 
according  as  you  reckon  from  the  Meridian  to- 
wards the  Eaflern  or  Weftern  part  of  the  Hea- 
vens. Sometimes  the  Azimuth  is  reckoned  from 
the  Eaitern  or  Weftern  Cardinal  Point  towards 
the  iSIorth  or  South.     But  the  E^//er»  or  Weftern 
Amplitude  is  always  reckoned  from  thefc  Points, 
which  is  an  Arc  of  the  Horizon,    reckoned 
from  the  Eaft  or  Weft  to  the  Rising  or  Setting 
point,  and  therefore  both  may  be  Northern  or 
.*<outhern  j  tho' this  way  of  naming  them  feems 
fo  have  flown  firft  from  intire  Conftcllations  ,• 
and  the  queftion  was,  how  large  a  Ipace  of  the 
llorizon  any  Conftellacion  took  up  in  lyifirig 
or  Setting. 

That 
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«c  portion  of  the  Convex  Surfice  of  the 

1,  that  the  Spedacor  ftands  upon,  being 
I  as  a  Plane  parallel  to  the  Horizon  ;  the 
al  Quarters  of  the  Winds  are  conlidcr'd  in 
id  the  Cardinal  ones  arc  rhe  North,  South, 
and  Weft ;  lying  under  the  Meridian  and 
e  Vertical,  dcfcribcd  above,  and  arc  the 
ons  of  the  Horizontal  Plane  with  the 
es  of  the  faid  Circles.  The  Motion  of  the 
^cns  will  point  out  to  us  thefc  four  Quar- 

namely  the  Eaft,  where  the  Sun  rifcs  in 
iquinoxes ;  the  Weft,  where  the  Sun  lets 
E^y  :  The  North,  where  the  Pole  of  the 
,d  is  feen  by  us  the  Inhabitants  of  the  Nor- 
i  Hemilphere  of  the  Earth,  and  the  Stars 
Ithe  Septem  Trioms^  always  appear :  And 
*,  the  South,  whence  the  Sun  flnnes  upon 

Noon.  For  the  Terms  in  ^ftronomy  arc 
mmodated  to  fuch  trads  of  the  Earth  as 
ituated  in  the  Northern  Temperate  Zone, 
ufe  Aftronomy  was  firft  cultivated  in  thofe 
.  There  are  as  many  lying  exadly  betwen 
our  Cardinals,  that  have  names  (in  the  Eh- 
and  other  Tongues  a-kin  to  it;  made  up  of 
Cardinals  that  are  on  their  fides,  fo  as  that 
lamc  of  the   chief  Cardinal  Point  is  fee 

Betwixt  thefe  eight  are  placed  eight  more, 
ng  Names  made  up  of  the  Names  of  the 
t  preceding,  fo  as  that  each  of  them  is  made 
ff  the  two  laterals  next  it,  and  the  princi- 
2ardinal  fet  firft :  Hence  ic  comes  to  pafs, 
the  name  of  the  chief  Cardinals  is  prefcnr- 
3ubled,  aqd  the  names  of  the  other  Cardi- 
in  the  beginning  and  end  of  the  Word  thus 
pounded.  Between  the  fixteen  Points  na- 
,  there  are  fixteen  others  having  compound 
les,  each  from  one  of  the  eight  firft,  to 
jb^  name  of  the  Cardinal  Toinc  towards 

which 
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ic  declines,  is  conneded  by  a  Propofition  ;  and 
thus  wc  have  cw©  and  thiny  Wind's  Ways,  or 
Points,  which  are  the  common  interfedions  of 
as  many  Verticals  with  the  Plane  of  the  Hori- 
zon, and  ferve  to  diltinguifli  the  Winds  accu- 
rately enough.  But  we  ufe  the  Degrees  of  the 
Horizon,  in  reckoning  the  Azimuths  of  the  Ce- 
ieftial  IHixnomcna,  beginning  from  one  of  the 
four  Cardinal  Points,  as  was  faid  above.  Be- 
fides  thefe  Points,  (  while  they  •  are  confidercd 
in  the  Plane  of  the  Horizon)  are  looked  upon 
as  Right  lines ;  but  if  the  furface  of  the  Earth 
be  looked  upon  as  Spherical  (as  it  really  i?,) 
none  of  them  produced  upon  the  furface  of  the 
Earth  are  Right  lines,and  only  the  Cardinals  are 
Circles;  namely,  one  pointing  out  the  North 
and  South,  being  a  great  Circle,  and  the  fame 
with  the  Meridian  of  the  Place,  from  whence 
ic  takes  its  beginnings  the  other  Ihewing  the 
Eaft  and  Weit,  being  a  lelfer  Circle,  pa/Bng 
thro'  the  Place,  and  parallel  to  the  Equator  ; 
excepting  when  the  Place  is  in  the  Equator  it- 
felf,in  which  cafe  it  is  a  great  Circle  ;  bccaufe 
the  Equator  itfelf*  The  other  Points  of  the 
Compafs  being  produced  upon  the  furface  of 
the  E:uth  are  Spirals  fui  genohy  cutting  all  the 
Meridians  at  given  Angles^and  are  called  Rbuirths 
or  Lexodromics* 

PaoposiTioN  V. 

TO  explain  the  generation  and  nature  oftte  Ce^ 
lefiial  Meridian  and  other  Hour  Circles 
In  Tro^.  ;,  we  explained  what  fort  of  a  Circle 
the  Meridian  of  each  Place  confidered  upon  the 
Earth  was;  namely,  a  Circle  compaffing  the 
Earth  and  pafling  chro'  the  Jaid  Place  and  both 
the  Poles;;  and  confequently  a  great  Circle, 
feecaufc  pafling  thru*  the  oppodce  Points.  And 
die  Cclcftial  Meridian  of  che  (iinie  Place  is  that 


in 
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:avens,  which  lies  diredly  over  and 
ifwers  it.  And  becaufe  the  Obfcrver  con- 
ng  in  the  (amc  place,  looks  upon  rhc 
I,  and  therefore  the  place  where  he  ftands, 
Che  point  over  his  Head  as  unmoved,  he 
ife  conceives  of  the  Celeflial  Meridian 
ig  through  the  Poles  and  the  Vertex  of 
Place,  which  are  unmoved,  as  a  Cclefti- 
jcle  unmoved :  And  feeing  the  Heavens 
iH  the  Stars  feem  to  move  round  in  the  Di- 
f  motion,  he  conceives  of  the  Meridian  of 
Hace  where  he  is,  as  what  has  no  (hare  of 
notion,  and  as  it  were,  without  the  mo- 
Heavens,  and  of  the  Heavens,  as  if  they 
revolved  wichin  it.  And  ic  is  always 
» at  that  place,  when  the  Sun,  by  the  Di- 
!  revolution  of  the  Heavens,  iccms  to  have 
ed  at  the  above-mentioned  immovable  Cc- 
.1  Meridian  above  the  Horizon  ;  and  Mid- 
t,  when  the  Sun  has  reached  the  other 
of  ic  below  the  Horizon.  For  fince  this 
ftial  Meridian  partes  thro'  the  Poles  of 
lorizon  and  Equator,  and  (by  Proj>,  i  y.  B, 
hserk,  of  Thcoi,)  incerfeds  the  Horizon  and 
Equator  together  with  its  parallels  at  right 
5s  J  'tis  evident  that  the  Meridian  divides 
Segments  of  all  the  Circles  parallel  to  the 
Uor  made  by  the  Horizonjinto  equal  parts  ; 
therefore  fince  the  Sun  defcribcs  in  its  Di- 
1  motion,  one  of  thefe  Parallels,  (the  Arc 
e  the  Horizon  in  the  Day-time,  and  the 
or  Portion  of  ic  below  the  Horizon  in  the 
u,)  'tis  evident  that  Mid-day  or  Noon  is 
made,  when  the  Sun  comes-  to  the  Meri- 
above  the  Horizon,  and  Mid-night  when 
rives  at  its  oppofite  part,  lying  concealed 
iiv  the  Horizon  :  from  whence  it  has  its 
p.  And  for  the  fame  reafons  the  middle 
It  of  the  continuance  of  any  Star  above  or 

below 
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below  ehe  Horizon  happens,  when  that  Star 
come$  to  the  Meridian ;  Where,  at  the  fame 
time,  it  has  its  greatefl  elevation,  caU'd,  its 
Meridian  Ahitnde. 

Again,  fince  the  Ipace  of  time  between  the 
two  nearcft  Noons  is  fuppos'd  to  be  divided 
into  24  equal  parts,  fcalled  Noursy)  and  by  rea- 
fon  of  the  equable  Revolution  of  the  Earth  a- 
bout  its  own  Axis,  the  Sun  feems  to  defcribe  e- 
quably  the  Equator,  or  feme  parallel  to  it  upon 
the  Poles  of  the  Celefiial  Equator;  befides  the 
Meridian,  there  are  eleven  other  Hew  C/r- 
chi  to  be  conceived  of,  paffing  thro'  the  Poles 
of  the  Equator,  and  together  with  the  Meri- 
dian, dividing  the  Equator  into  24  equal  parrs; 
and  thcfe  are  look'd  upon  ( in  regard  of  tlie 
fameplace)  as  immovable,  and  Hke  the  Meridian, 
placed  without  the  Sphere,  the  Heavens  in  the 
mean  while  revolving  equably  under  them. 
From  whence  it  is  evident,  that  an  Arc  of  the 
Equator  intercepted  between  any  two  next  of 
thefe  Circles  is  ij  Degrees,  that  is,  24th  pare 
of  an  intire  Circle.  But  when  the  Terreltrial 
Meridian  is  changed,  the  Obferver  changes  all 
his  Hour  Circles  with  it.  They  are  called 
Hour  Circles,  becaufe  the  Sun,  feen  to  have 
arrived  at  any  of  them,  by  its  apparent  Diurnal 
Motion,  caufes  the  Hour  of  the  Day  to  be  that 
before  or  after  Noon,  which  this  Circle  is  in 
order,  moreEaftern,  or  more  Weftern  than  the 
Meridi;in.  An  infinite  number  more  of  thefe 
fort  of  Circles  may  be  imagined,  according  as 
we  fuppcfc  the  Hour  to  be  divided  into  60  Mi- 
nutes, each  of  which  is  again  divided  Into  60 
Seconds,  and  fo  on.  Thefe  Hour  Circles  are 
the  fame  in  pofitionj  with  the  Circles  of  De- 
clinacionj  (of  which  in  PrtJ/>.  2.)  becaufe  they 
^rc  Secondaries  to  the  Equator:  But  they  diifcr 
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Lchat  the  Circles  of  Declinations  re- 
{ together  with  the  Stars  and  Points  of 
feavcns,  whofe  Declination  ihev  meafurej 
hefe  Hour  Circles  (as  was  IkiJ  before  ) 
Dk'd  upon  as  immovable.  Hour  Circles  alfo 
:>  Heavens,  anfwer  co  Meridians  on  the 
I ;  and  indeed  the  Meridians  on  the  Earth, 
le  real  Hour  Circles,  and  are  only  appa- 
Dncs  in  the  Heavens.  For  as  'tis  Noon  in 
in  Place,  when  the  Earth,  revolving  by  its 
ial  Rotation,  arrives  at  fuch  a  fltuatioo, 
the  Plane  of  the  Meridian  produced  fal- 
pon  the  Sun :  (b  it  is  fuch  or  fuch  an  Hour, 
5  or  after  Noon,  as  that  Terrcftrial  Mc- 
ta  in  order  from  the  Meridian  of  the  Place, 
f  whofe  Plane  produced  the  Sun  is  then 

P  ROPdSlTlON      VL 

0  (>:flaln  the  various  affeHatsons  of  the  Sphere 
of  the  fVorlJ^  and  other  Terms  ufed  in  Altro^ 
JepenJing  upon  the  various  inclination  of  sbt 

m  to  the  Et^uator,  ^ 

ce  according  to  the  dlverfity  of    PlaccS 

the  Earth,  the  Horizon,  and  confcquenc- 

Face  of  the  Heavens,  Tthac  is,  the  Sphere 

1  World,)  is  different  J  Aftronomers  make 
itcrfity  threefold,  according  to  the  three 
ent  kinds  of  Polltion  of  the  Horizon  to 
iquator.     For  cither  the  Horizon  of  the 

is  right  to  the  Equator,  cutting  it  at  righe 
s,  or  it  is  oblique,  or  elfe  does  not  citt  it 

but  coincides  with  it.  Such  as  have  the 
•ofition  of  the  Sphere,  are  faid  to  inhabit 
bt  Sjyhere;  fuch  as  have  the  fecond,  an  Oi- 
;  and  luch  as  have  the  third,  a  Parallel 
,  becaufe  each  Star  fcems  co  defcribe  a 
e,  parallel  co  the  Horizon  in  its  Diurnal 
».  In 
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In  a  Hghc  Sphere^  rnamel^,  where  the  Equa- 
tor £  ^is  ere4^  or  perpendicular  to  the  Horizon 
WOj  as  in  the  ift  Figure,)  the  Equator  (  by 
Tr9f.  I  f .  B,  I,  TitcJcfais)  will  paG  rhro'  cbe  Poles 
of  the  Horizon,  the  Zenith^  and  Nadir ;  the 
Place  cberefote  icfelf,  on  ihe  Surface  of  the 
Earth,  will  be  in  the  Terreftrial  Equator ;  for 
fuch  only  have  ilic  Zenich  and  Nadir,  in  the 
Celeftial  Equator  ;  all  fuch  therefore,  inhabic 
a  Right  Sphere,  and  only  fuch  as  are  fprc;id  a» 
long  the  length  of  the  Terreftrial  EquatcM*. 
^Their  Horizon  paifes  thro'  the  Poles  of  the 
World  yi  and  B  (  by  the  aboveciced  Propofition 
of  JhtUifms;  and  eyery  Point  in  the  Heavens 
will  fecm  to  afcend  right  or  perpendicularly  a< 
bovs  the  Horizon ;  becaufs  ic  defcribes  a  Circle 
parallel  co  the  Equator,  (  which  is  right  or  per* 
pendicular  to  the  Horizon, )  in  its  apparent  Di- 
urnal Motion.  And  the  Points,  that  rife  toge- 
ther, come  to  the  Meridian  alfo  together,  and 
fet  together ;  becaufe  the  Poles,  about  which 
the  Diurnal  Motion  is  made,  by  which  the  Stats 
feem  to  rife,  come  to  the  Meridian,  and  ier, 
are  as  well  in  the  Horizon  as  in  the  Meridian  of 
this  Sphere.  And  from  this  fituation  of  the 
Sphere,  the  way  of  reducing  the  points  of  the 
Heaven  to  the  Equator,  derives  its  original*! 
That  is,  the  Right  Afcerijion  of  any  point  in  the 
Heavens  is  an  Arc  of  the  Equator,  reckoned 
towards  the  Eaft,  intercepted  between  the  be*  J 
ginning  of  Aries,  and  the  point  of  the  Equator 
that  rifes,  together  with  the  faid  point  in  the 
Heavers,  in  a  ilight  Sphere:  After  the  fiimc 
manner  we  are  to  undcrftand  what  the  Ri^ht 
Dtfci'vfiQn  is:  and  inftead  of  the  Horizon  of  a 
Righc  Sphere,  the  Meridian  of  any  Place  may 
be  atfumed.  Now,  becaufe  only  the  Inhabi- 
tants of  ths  Terreftrial  Equator  hare  a  Right 

Sphere,' 
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3,  what  the  aifedions  of  this  Sphere  are, 
lent  from  what  has  been  faid  above;  Cc- 
lly  in  Frcp,  ;;.  B.i.)  namely,  that  the 
s  are  always  equal  to  the  Days,  and  every 
of  the  Heiivem  is  as  bog  above  as  below 
lOrizon. 

an  Oblique  Sphere,  where  the  Horizon 
[F/g.  2.)  cuts  the  Equator  £  ^  at  oblique 
es ;  neiilier  of  them  palTcs  thro'  the  Poles 
pother,  and  therefore  one  Pole  of  the  E- 
ir  or  World  is  above    the  Horizon,  the 
below  ic  j  the  former  therefore  is  always 
^1^  but  the  latter  always  invtfible:  Nor  will 
iquacor  pafs  thro'  the  Vertex  Z,  but  the 
sx.will  lie  between  the  Equator  and  the 
^  Pole.     There  are  two   kinds  of  this 
re;  for  either  the  North  Pole  B  is  elevated 
B  the  Horizon  HO,  and  the  South  lies  un- 
;  or  on  the  contrary,  the  South  Pole  is  c- 
ed,and  the  North  dcprclTed.  All  fuch  have 
phcre  of  the  former  kind,  as  live  between 
'crreftrial  Equator  and  the  Arc^c  Pole,  and 
as  live  between  the  Equator  and  Antar^^ic 
the  latter.     The  chief  Phxnomena  of  both 
3£m,  as  to  Summer  and  Winter,  may  be 
(  already  explained,    in  Prof.  5;.  B.  r.  ac-* 
ing  to  the  true  Syftem  of  the  World.    And 
te  apparent  Sydem,  fmce  each  point  in  the 
vens,    by  its  equable  diurnal  Motion  de-* 
»es  either  the  Equator  or  a  Parallel  to  it  j 
only  the  Equator,  fcuc  not  one  of  the  Pa- 
th is  divided  iAto  two  equal  parts,  by  an 
gue  Horizon  ^  the  Sun,  and  all  the  Scars, 
decline  towards  the  vifible  Pole,  concinae 
;er  above  the  Horizon  than  below  j  and  on 
contrary,  fuch  as  decline  towards  the  invi- 
t  Pole,  continue  hid  longer  below  the  Ho- 
L  than  they  appear  above  the  Horizon. 
I  And 


^ 
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And  this  holds  to  a  certain  limit  towards  both 
Poles.  For  if  the  declination  be  increafed,- 
rill  the  diftance  of  the  Star  fiom  the  vifiblo 
Pole,  is  Icfs  than  the  elevation  of  the  Pole  a- 
bove  the  Horizon,  the  Star  does  not  fet  at  all : 
But  if  its  Diftance  from  the  invifible  Pole  helefs^ 
it  will  not  afcend  above  the  Horizon  ;  that  is, 
it  will  not  rife  at  all.  And  the  Parallels  0  V*^ 
Hlf  bounding  the  always  vifible  and  the  invi- 
fible Stars  in  a  given  Place,  and  touching  the 
Ho^i^on,  are  called,  by  fome  of  the  Ancients,- 
(as  EncUd  in  the  ThaHomcnay  and  Mantluis  in  hij 
Afironomy)  the  Tolars  of  that  Place,  which  are 
therefore  greater  and  more  remote  from  the  Cc- 
Icftial  Pole,  according  as  the  Place,  whofc  Po- 
lars  they  are^  is  farther  off  from  the  Terreftrial 
Equator  i  tlratis,  as  the  Sphere  is  more  oblique^ 
All  the  Stars  that  lie  between  thefe  Polars 
have  the  viciflitudes  of  Rifmg  and  Setting,  A- 
fccnfion  and  Defccnfion.  The  Oblique  Jfcenjion 
of  a  Star  or  any  Celeftial  Point,  is  an  Arc  of 
the  Equator,  reckoned  towards  the  Eaft,  inter- 
cepted between  rhe  beginning  of  Aries,  and 
that  point  of  the  Equator  that  rifcs  together 
with  the  Scar,  in  a  given  oblique  Sphere :  and 
this  is  various  according  to  the  variety  of  obli* 
quity  of  the  Sphere.  And  the  Afctnjhnd  Dlffs-^ 
rence  is  rhe  difference  betwixt  the  right  and  ob*-' 
lique  Afcenfion.  And  the  iAxno.  things  are  to  be 
underftood  concerning  the  Obliejue  Dtfctnfi^n. 

In  a  Parallel  Sphere,  mhere  the  Horizon  HO^ 
[F;^,  ;.]  coincides  with  the  Equator  £^,  and 
makes  one  of  the  Parallels  of  the  Diurnal  mo- 
tion, their  Poles  alfo  (namely,  ibe  Zenith  and 
Pole  of  the  World)  will  coincide;  and  there- 
fore  this  poficion  of  the  Sphere  agrees  only 
with  the  Inhabitants  of  the  two  Poles  of  tho 
Earth;  and  all  the  Cclcflial  Bodies  or  Points. 

(ba« 
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lefcribe  Circles  parallel  ro  the  Equator  by 

lurnal  motion,  will  likewife  dcfcribe  Cir- 

parallel  to  the  Horizon.     Upon  this  ac- 

',  there  will  be  no  rifing  or  fetting  a:  all 

t  diurnal  motion,  and  therefore  no  Afcen- 

ir  Defcenfion  in  this  Sphere,  nor  any  Mc- 

I,  fince  ic  paffes  thro'  the  Pole  and  Vercex 

e  Place  ;  and  fince  thcfc  two  Coincide  in 

iphere,  they  can'c  determine  the  Circle, 

Vertical  having  an  equal  right  to  claim 

ime  of  a  Meridian.    The  Phafnomcna  of 

m  ariling  from  the  Annual  motion  of  the 

f  vifible  in  a  parallel  Sphere,  arc  explain- 

Prop,  53.  B-  I ;  namely,  fuch  as  agree  10 

habitants  of  either  Pole.    In  the  apparent 

n  *ris  evident,  that  the  Sun,  during  its  dc- 

5  from   the  Equator  towards  that  Pole. 

is  in  the  Zenith,  is  always  fcen,  and 

the  Day  half  a  Year  long ;  as  on  the 

;ry  'tis  half  a  Year  Night,  while  the  Sun 

es  towards  the  other  part  of  the  Equator, 

mfequenrly  of  the  Horizon  ;  and  thac  the 

ling  of  the  Day  and  Night  falls  upon  the 

ifigrefs  into  the  Equinodial  Points. 

Proposition  VIL 
IE  Lntltude  of  the  Fhce  is  tin  Arc  fmilat  to 
the  Arc  of  the  Elevation  of  the  Pole  ab:ve  the 

4eA^[F/f.  4.]  be  the  Earil\  its  Center 
les  <7and  ^,  Equator  e^.  Let  any  Place 
Surface  be  taken,  as  /^  whcfe  Latitude  is 
Arc  of  the  Meridian  iatercepced  between 
the  Equator.  Lee  the  Celeftial  Sphere 
centric,  and  its  Poles,  Equator  aftd  Me- 
7?, ytf,  E^,^  and  BEA^^  anfwer  to 
les,  Equator 'and  Meridian  of  the  Earth. 

Cich,  and  N  the  Nadir  of  the 
Q  Place 


zi6     The  Elements       BoofcU; 

Place  /;  namely  in  the  interfedionsof  the  Right 
line  Tl  produced,  with  the  Superficies  of  the 
Celeftial  Sphere*  Therefore  the  great  Circla 
HOy  in  the  Sphere,  defcribed  upon  the  Poles. 
Z  and  N,  is  the  Horizon  of  the  Place ;  and  the 
Arc  of  the  Meridian  O  B^  is  the  height  of  the 
vifible  Pole  B  above  the  Horizon  ;  and  this,  I 
fay,  is  fimilar  to  the  Arc  le^  namely,  to  the 
Latitude  of  the  Place.  For,  fince  A  and  JB  are- 
the  Poles  of  Che  Circle  E  ^,  the  Angle  BTE 
is  right ;  (by  Tm.  lo.  S,i.  oiTheod.  Sfbar,)  and 
for  the  fame  redfon,  the  Angle  Z  TO  is  right. 
If  therefore  from  the  equal  Angles  ETB,  ZTOy 
you  take  the  common  Angle  Z  Tb,  the  rfr^ 
maining  Angles  £7"  2,  BTO,  will  be  equaL 
And  therefore  Cby  Prof.  ;}.  Elem.  6.)  the  Arcs 
e  /,  BO,  they  ftand  upon  at  the  Center,arc  fimi^ 
lar. 

PROPOSItlON   VIIL 

TO  explain  the  Caufes  of  the  Crefufculam  Of  Twi* 
Itghty  and  to  define  its  Limits, 
The  Twilight  is  that  dubious  light,  which 
v^e  have  before  the  Sun  rifes  and  after  the  Sua 
fers.  If  there  were  no  Atmofphere  about  the 
the  Earth,  nor  any  brightnefs  from  the  Aura 
tty£therea  that  is  near  the  Sun,  fo  foon  as  by  the 
diurnal  motion  of  the  Earth  any  place  upon  its 
furface  comes  within  the  fliadow  of  the  Earth, 
by  the  diurnal  motion  of  the  Earth,  or  fo  foon 
as  the  Sun  defcends  below  the  Horizon  of  that 
Place,  there  would  be  nothing  but  mere  Dark- 
nefs;  becaufe  the  Spedator  being  forfaken  by 
the  Rays  oi  the  Sun,  is  left  deftitute  qi  Light : 
But  not  only  th-:i  Sun,  but  the  Ethereal  Aurst 
That  is  fpread  about  the  Sun  very  nearly  to  it 
(and  its  inflamed  Atmofphere  ss  it  werej  do  al- 
fo  fliinc  and  give  fome  light :  Now^,  this  (pend- 
ing 
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bore  time  than  the  Sun  does  in  rifmg 
idDg,  before  Sun  rife  the  Aurora  fhiae$ 
b  a  manifeftly  Circular  figure,  rifinj;  into 
lightnefs  of  the  Tame  Figure  with  that  of 

egment  of  the  Circle,  that  is  already  rifcn 
J  Acmcfphcre  of  the  Sun,  and  iniirely  dif- 
f  from  that,  which  proceeds  from  the  il* 
lacion  of  the  Acmofphere  of  the  Earfh> 
by  the  Sun ;  Which  is  to  be  underflood  in 
manner  concerning  the    Twilight  afref 
^t.    Becaufe  the  matter  that  thus  fhmej^ 
lafon  of  (he  nearnels  of  the^Sun,  fliines 
Jmes  more,  fomecimes  kfs,  the  bounda* 
if  the  Twilight,  which  ariks  from  thence 
pt  fo  certain,  efpecially  ^hcn  ic  ads  in 
aAion  with  the  other  and  more  powerful 
of  this  dubious  Light.    For  after  that  the 
itanc  of  the  Earth  ftanding  upon  its  fur- 
bmething  beyond  the  bounds  of  Liphr,  i$ 
^ed  into  the  fhadow  of  the  Earth,  the  At- 
ker-e  that  furrounds  the  Earth  and  h  ex** 
d  to  a  confidevable  diftanci;  above  the 
(  is  ftill  inlighten  d,  and  does  alfo  inligh- 
e  Place  where  the  Obfervcr  ftands  with 
le^ed  Rays.    This  caufe  is  often  upojj 
lange,  according  as  more  or  fewer  Par- 
fit    for  refleding  or  other    way*  con- 
I  the  rays  of  the  Sun  to  us,  arc  found 
dea  in  the  Air  i  and  according  as  thefe 
les  get  up  to  a  grearer  or  lefa  height^ 
depends  upon  the  j^ravity  of  the  Air  »ic 
the  Fluid  in  which  they   fwim,)  that  i$ 
by  the  Barometer.    For  if  they   hang 
nd  very  near  the  furface  of  the  Earth, 
hcfe  alfo  foon  ccafe  to  receive  any  of  the 
)f  Ughr,  being  revolved  prefencly  after* 
,  together  with  the  Place  over  which  they 
the  Earth's  fliadow.    If  chcy  are  ei- 
Q  z  uher 
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ther  very  rare  as  they  float  in  the  expanded 
fpace,  or  unfit  to  refle(5fc  the  Light,  they  will 
return  to  us  either  fuch  a  Light  from  the  Sun  as 
is  nothing  to  fpeak  of,  or  at  leaft  fo  weak  and 
thin  as  not  capable  of  afFeAing  our  Sight,  as 
we  really  experience  in  all  the  expanded  fpace, 
that  lies  wichout  the  Earth's  fliadow  ;  for  tho'ic 
lies  perpetually  open  to  the  Suns  Rays,  yet  it 
fends  back  to  us  fo  weak  and  faint  a  Light,  that 
it  fcarce  deferves  that  name. 

Tho'  the  duration  of  the  Twilight  depending 
upon  both  thefe  caufes  is  various,  yet  'tis  cerr 
tain,  that  the  beginning  of  the  Morning  Twi- 
light happens  generally  about  the  rime  that 
the  Sun  is  not  above  i8  Degrees  below  the 
Horizon  ^  and  that  the  Evening  Twilight  ends 
about  the  fame  time,  or  when  the  Sun  is  got 
to  the  like  degree  of  depreffion  below  the  Hori- 
xon.  Tycho  would  have  this  deprelUon  of  the 
Sun  that  bounds  the  Twilight  to  be  1 6  Degrees ; 
Others  extend  it  to  19;  that  is,  till  the  leaft 
Fix'd  Stars  become  vifible.  Caf/ini  from  his  own 
Obfervation,  extends  ic  only  co  17  Degrees. 
Ricchlus  finds  by  his  Obfervations,  that  'tis  not 
the  fame  in  the  Morning  as  it  is  in  the  Even?ng, 
and  that  it  is  diiFerent  in  different  Seafons  q( 
the  Year. 

SC HO L lUM 

There  is  a  Light  that  feems  verj'  near  a-lin 
to  the  Twilight,  which  was  firft  obfcrved  by 
the  Quick-Jlghtcd  Mv,CaJJini,  in  the  Year  i^&ii. 
a  little  before  the  Vernal  Equinox  in  the  Eveii^ 
ing,  and  extended  along  the  Ecliptic  from  tfii 
Sun  towards  the  E'ift.  The  Obfervations  mad 
afterwards  by  Mr.  C^ftni  and  Path,  evince^ 
that  this  Light  is  diffulcd  from  both  fides  of  tho 
Sun  almoft  along  the  Ecliptic,  but  ordinarilyj 
rtcSeas  a  little  from  ic  t^^waids  the  North  rather 

than 


of  Astronomy.       %19 


the  Soiirk    Its  form  is  pointed  on  both 
its   two  points  being  fomecimes  more, 
times  lefs  diftant  from  rlie  Sun,  at  firft  a- 
two   Signs  or  a  little  more;  but  three 
%  afcer^  its  didance  from  the  Sun  encreafed 
ree  Signs  or  loo  Degrees:  Its  breadth  is 
5  JO  Deg.  near  the  Horizon.     But  it  can't 
en  where  ic  is  broadcft  j  namely,  juft  at 
un  ic  icfelf  along  the  Circle  ot  its  breadth. 
d€>  arc  (Ireight,  bating  its  being  gibbous 
p  fometimes  about  the  middle^  between 
an  and  either  Point,  and  they  are  inclin'd 
^e  another,  fometimes  at    a  greater  and 
iimes   a  lefs    Angle.   Thu  Angle  in  its 
bignefs  IS  about  21  Degrees,    From  the 
;,  it  is  evident,  that  this  Luminous  Phx- 
non  moves  together  with  the  Sun,  juft  as 
oes,  thro'  riie  Ecliptic  5  which  is  alio  true 
th  the  Points,  allowing  for  their  greater 
;  diflance  from  the  Sun  during  the  increale 
zrcafe  of  the  whole.    The  brightnefs  of  it 
:h  like  that  of  the  Milky  Way,  or  the  Tail 
Ilomet,  and  is  pellucid  like  thelatter;  *ti$ 
T  in  the  middle,  lefs  towards  the  extremes, 
enfibly  decreafing,  tifl  it  vaniflies  in  the 
tnding   Blue     of  the   Heavens  :    From 
it  appears  to  different  Obfervers,  accord- 
the  fharpnefs  of  their  Sight,  at  the  fame 
and  Place,  of  a  different  magnitude,  an  J 
ling  as  the  Heavens  are  clear  or  cloudy, 
ve  trueTwilight  and  brighterStars  are  pre- 
r  abfent,  it  is  more  or  lefs  extended  and 
Qy  terminated,  and  appears  fainter  always 
Morning  than  in  the  Evening.    This 
by    reafon  of  the   Twilight   lading  all 
long,  can't  be  feen  in  the  midft  of  Sum- 
,  the  Regions  about  either  Pole;  but  in 
)rning  and  Evening  of  the  the  fame  Day 
Qj  it 
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it  mdy  be  fisen  9hoA  the  middle  of  Winter  (}f 
the  Moon  be  stway.)  In  places  near  the  £qua« 
tor  it  may  be  fsen  at  any  time  of  the  Year. 
And  in  any  i^ce  it  is  brighter^  the  more  e* 
red  it  is,  in  regard  of  the  Horizon  ,*  becaufe  it 
is  then  more  out  of  the  Twilight  and  Vapours 
that  hang  about  the  Horizon :  And  therefore  it 
is  bcft  fecn  in  thefe  Northern  Regions  in  the 
Morning  after  the'  Vernal  Equinox,  in  the  be- 
ginning of  OSobcr ;-  and  in  the  Evening,  at  the 
end  Qt  February ;  the  Ecliptic  along  which  it  h 
fi)read,  being  then  more  cre<St  in  regard  of  th« 
J3[orizon,(in  cfie  beginning  and  end  of  theTwii 
light,  which  is  then  ihorteftj  the  Equino^al 
iPointSi  being  at  that  time  in  the  Horizon. 

TheBody  (or  rather  colletaion  of  Cbrpufclej) 
whofd  appearances  thefe  are,  feems  tofurround 
the  Body  of  the  Sun  in  the  form  of  a  Lens ;  9$ 
Mr.  F^:tio  conjcdures-  The  Plane  thro*  the 
edge  of  the  Lens  is  in  the  Plane  of  the  Ecliptic, 
or  at  leaft  not  far  from  it :  The  Edge  itfelf  is 
between  the  Orbits  of  Venus  and  the  Earth,  but 
nearer  to  the  latter-  The  Particles  which  fill 
up  this  lentiform  fpace  flike  the  particles  of  the 
Sun's  Atmofphere,  of  which  we  fpok^  but  juft 
now)  feem  to  produce  the  abovemention'd  ap« 
pearance,  by  rtflefting  the  light  of  the  Sun. 

For  a  Ring  whofe  oppofice  Faces  are  plane 
and  p:^ralleI,  would  appear  in  the  form  of  an 
EUlipfe,  more  obcufe  towards  the  Points  than 
this  Phaenomenon.  Mr.  Caftni  takes  thefe  par- 
ticles refle(9ing  the  Sun's  light,  contained  in  this 
fpace,  for  an  infinite  number  of  Planets,  fincQ" 
being  feparated,  they  would,  like  'the  Planets, 
•exert  their  motions  about  the  Sun  ,•  by  which 
methcd,  this  morning  and  evening  light  owe^ 
its  Original  to  innumerable  Planets,  juft  as  the 
Milky  Way  does  to  innumerable  Fix'd  Stars. 

Mr. 
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IrSat'o  fufpe<as  that  ihis  light  is  coeval  with 
World  :  C^w/  on  the  contrary,  that  ic  was 
luced  a  lictle  before  the  firft  Obfcrvaricn  he 
made  of  it,  and  that  it  was  not  in  being 
Years  bcfore^fince  he  had  often  viewed  aCo- 
very  intenfely  with  his  Eyes,  in  the  fame 
e  as  this  Phaenomenon  ought  to  poiTefs. 
t  it  has  appeared  formerly,  and  af:crvvards 
ppeared,  he  chinks  is  very  probable  from 
s  ancient  Hittories  that  feem  to  give  a  dc- 
ttion  of  it  5  but  efpecially  from  the  Obfer- 
m  of  Mr.  J,  Childrey.y  who  no  doubt  faw 
s  is  evident  from  his  defcription,  p.sg.  iSjj 
in  the  Advertifement  at  the  end  of  a  Book, 
i(hed  Anno  1661.  intitled  Brltavnia  liacorAca  ^ 
ufe  it  appears  even  now  in  the  fame  pbce, 
near  the  fame  ConftcUations,  as  ic  did  at 
time  of  the  Year.  His  Words  are  thefc  : 
ff  isfometh'wg  wore,  thai  ove  vouhl  recoimfund  to 
^bfer^ation  cfthe  Mutbematklansi  n.-ttKelj,  that 
f  Mo-ath  of  February,  rnd  n  llttL-  hcfr-e  ^rjd 

ft  (as  I ba-v'e  obfcY'vcd  f^y  fevev>:l  Ti'^rs^  cbcv-: 

Clock  in  the  Evcnhjg,  v/bcn  the  TzvUigbt  Las 
dy  left  the  Horlz/jn^a  Vatb  of  Light  tevdlvgfyom 
hvilight  towards  the  Tlehdcs,  and  tcucbhtg  tba/f 

"were,  frefented  itfelfverj  flunly  to  wy  Sight* 
Tath  is  to  befeen  whenever  the  weather  is  clejr ; 
efi  of  all  in  a  Night  when  the  Man  does  net 
And  a  little  after:  I  am  aft  tohdlcvethrt 
Vhanomenon  has  been  formerly ,  and  vill  bereaf- 
^fear  always  at  that  abo^ve-mentioned  time  of 
Vjj-.  But  the  Cattfe  and  Nature  of  it ,  leant  fi 

asguefs  at  j  and  therefore  leave  it  to  the  enquiry 
hrlty. 
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Proposition   IX. 


TO  txfldin  what  is  meant  by  the  Vcttlc  Rifiig 
ani  Setting  of  the  Starsy  ^nd  the  kinds  of  it  |. 
namcljf,  the  Ci^mical,  Achronical  and  Heliitcal 

In  the  foregoing  Propofitions  we  have  created 
of  the  true  Riling  and  Setting  of  the  Stars  ;name- 
]y  of  their  afceiit  above  the  Horizon  of  a  cer- 
tain Place,  and  defcent  below  it,  or  rather  of 
a  dcpreiTion  of  a  given  Horizon  below  a  Star, 
and  elevation  of  the  fame  above  it ;  and  that 
without  any  confideration  of  the  Sun.  ^\xt  now 
the  Rifing  and  Setting  of  the  Scars  are  to  be 
compared  with  the  motion  of  the  Sun  along  the 
Ecliptic,  and  confequently  with  the  Daylighc 
and  Scafons  of  the  Year.  For  the  ancient  Hut 
bandrrcn,  and  from  their  traditions  the  Wri'- 
ters  of  Husbandry,  as  alfo  Phyiicians,  Poecs 
and  Hiftorians,  have  made  ufe  of  thefe  marks 
to  exprefs  the  Seafons  of  the  Year  by,  and  con- 
fequently none  of  them  can  be  underftood  with* 
cut  an  explication  of  thefe  Terms. 

There  are  ufually  reckoned  three  kinds  of  the 
Poecic  rifing  and  fetting  of  a  Star,  TheCo/;w/*. 
cal,  Acbnvlcal  and  Heliacal.  A  Star  is  feid  ro  rife 
CoJmicaHy^  when  it  rifes  together  with  the  Sun, 
but  to  fct  Cofi-nically,  when  it  fees  when  the 
Sun  rifts;  fo  that  the  Cofmical  riling  and  fet- 
ting is  all  one  with  the  Morning  rifmg  or  fen- 
cing, as  if  the  beginning  of  the  Artificial  Day, 
or  the  RiUngofthe  Sun,  were  tlie  ftme  with 
,lhac  of  the  World.  A  Star  is  faid  to  rife  or  fee 
Jcbrvnifallyy  that  rifcs  or  fees  when  the  Sun  (ccs; 
and  confequently  the  Achronical  rlfing  or  fc^- 
ting  is  all  one  wirh  with  the  Evening  ones, 
KtfUr  nainrains  char  thefe  words  are  ro  be  ta- 
ken in  another  fenfe  ;  namely,  io  as  that  to  rife 
and  fct  Ctifmscffliyy  fignifies  the  fame  as  to  afcend 

above 
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or  deffcnd  below  the  Horizon ;  but  that 
[  or  fee  Acbronicullyy  is  the  fame  as  to  rile 
in  the  Sun's  oppofite,  or  in  the  other  A* 
or  extreme  of  the  Night :  In  which  fenfe 
\y,  and  to  this  day  moft  Aftronomcrs  by^ 
let  is  Achronical,  when  ic  is  oppofue  to  the 
pd  bright  all  the  Night:  So  that  to  rifts 
:>nicaljy  i^,  as  ufual,  the  fame  as  to  rife 
the  Sun  is  fetting  \  but  to  fee  Achroni- 
15  to  fet  when  the  Sun  is  riling;  which  is 
lonly  called  the  Cofmical  fetting, 
Itar  rifes  Helkcjlljf,  when  it  before  lay  hid 
theRaysof  tkeSun,foasthar  itdidri(eand 
jether  with  che  Sun,  but  now  gets  fomuch 
the  Rays  of  the  Sun,  as  when  the  Sun  is 
the  Horizon  the  Star  becomes  vifible^ 
cofet  foon  afcer  under  the  Horizon,  or  to 
tear  by  the  fupervention  of  the  Daylight. 
Star  is  faid  to  fet  Hellacalfyj  which  was 
(een  above  the  Horizon  when  the  Sun 
or  much  below  the  Horizon,  but  now  has 
elf  fo  much  among  the  Rays  of  the  Sun, 
he  next  Day  being  rifcn  above  the  Hori- 
)r  ]u(l  fetting  below  it,  it  can  no  more  be 
,If  there  were  no  Twilight,  this  Helia* 
|ng  and  fetting  of  the  fame  Star  (or  rather 
"ition  and  Occulcacion,)  would  not  be  a- 
ine  Day  diftant  from  one  another  at  moft. 
1  that  cafe  a  Scar  would  be  feen  either  before 
ife,  if  its  Oblique  Afcenllon  in  a  given 
,on  were  never  fo  licrle  lefs  than  that  of 
in,  or  it  would  be  vilible  after  Sun-fct,  ii 
ever  fo  little   grearer.      Nay,  if  there 
no  Atmofphere  at  all,  the  fmallett  Stars 
be  vifible  even  in  the  Daytime  when  the 
lines.    Tor  the  reafon  why  they  don't  ap- 
is this :  The  particles  of  the  Atmofphere 
£gly  by  the  Sun,  affect  the  Eye 
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of  the  Spcftator  with  fo  vivid  a  light,  that  the 
Retina  {ov  whatever  it  be  that  is  the  Senfor  of 
Sight)  is  fcarce  moved  by  the  very  weak  image 
ofthc  Star,  and  confcqucntly  can't  take  notice 
of  it  or  fee.  But  if  there  were  no  Atmofphsrc 
fpread  about  the  Earth,  nor  any  furrounditig 
Terreftrial  Bodies  that  refleft  Light ;  if  the  di- 
rcft  Rays  of  the  Sun  were  turned  off  from  the 
Eye,  the  Eye  thus  free  from  the  Rays  of  a  Body 
cither  very  bright  in  itfelf,  or  ftrongly  enligh- 
tened, would  Ice  clearly  fas  it  docs  now  in  the 
^Jight)  even  the  fmalleft  Stars,  unlefs  they  are 
hia  under  the  Atmofphere  of  the  Sun:  For  tbis 
together  with  the  Body  of  the  Sun,  make 
one  lucid  Body,  Since  proportionable  to  (_. 
fefler  brightnefs  of  a  Star,  there  is  need  of  a 
greater  deprefllon  of  the  Sun  below  the  Hori- 
zon, to  make  it  vifible  ;  'tis  evident  that  the 
Heliacal  fetting  of  the  Sun  is  fooner,  and  the 
rifing  later.  Thar  the  leaft  Stars  may  be  feen, 
the  Twi-Hght  muft  be  quire  over,  or  the  Sun 
mnft  be  full  i8  Deg.  below  the  Horizon;  For 
the  feeing  of  a  Star  of  the  fixth  Magnitude,  the 
Snn  muft  be  i7°;and  foon,'till  you  come  to  the 
Stars  of  the  firft  Magnitude,  which  are  to  be 
fcen  in  that  part  of  the  Horizon  which  is  to- 
wards the  Sun,  when  the  Sun  is  ii"^.  The 
Planets  Jhinc  with  a  brighter  and  fuller  light, 
and  therefore  have  no  need  of  fo  great  a  depraf- 
fion  of  the  Sun  below  rhe  Horizon,  fo  rhac  ii 
Degrees  are  enough  for  the  feeing  of  Mars  and 
Saturn;  about  lo  for  Jupiter  and  Mercury; 
and  y  deg.  are  commonly  look'd  upon  as  nccef- 
fary  for  Venus,  the*  it  has  been  frequently  fc< 
while  the  Sun  (hone,  and  not  at  an  Heliai 
Rifing  or  Setting.  But  thefe  things  in  thePla- 
ncts  depend  upon  their  various  diftance  from 
the  Earth,  and  the  more  or  Icfs  fullncfs  of  flie 
Orb  of  the  Inferior.  AH 


I  the  Fix'd  Stars  under  the  Zodiac,  and 

[fupcf ior   Plaxiets ,    Samrrij  Jupiter   and 

L  fhe  San  in  its  Anilual  Morion  towards 

Eaft  getting  before  them;  n(z  He!i;agaU 

i  the  mornings  a    lirtlc  before  Snn-r^*^ ; 

15,  a  few  days  after  their  Cofmical   ri- 

1    They  fcr  Heliacally    in  the  evening; 

ily,  a  Ihtlc  before  their  AchronLcal  feccing. 

the  Moon,  which  always  gets  before  the 

irifcs  Hejiacally   in  the  Everting  j  when 

Iry  old  and  haftens  to  a  Cohju'ndlion  with 

bn.  The  inferior  Planets  Venus  and  Mars, 

times  getting  before  tlie  Sun,  and  at  other 

'  being  fefc  behind  by  him,  (as  has  been 

!i  at  large  In  ff.  r.  )  fohietimes  rife  Helia- 

in  the  morning,  namely,  when  they  are 

>grade ;  fomctimcs  in  the  evening,  when 

aire  Dired ;  which  is  to  be  underKood  in 

manner  of  the  Heliacal  fecting  of  them. 

he  FixM  Stars,  placed  a  great  way  from  the 

ac  towards  the  elevated  Pole,  may  in  the 

Day  both  rife  and  fet  Heliacally  together, 

Itidergo  other  changes  in  regard  of  this 

of  Rihng  or  Setting ;  as  will  appear  to  any 

n  that  ihall  confider  it, 

15  Grechms   and   Romiins  anciently  ufed  a 

not  exTiAly  fitted  to  the  motion  of  the 

and  by  that  means  fometinies  they  were 

e  the  Sun,  and  fomctimcs  behind  him.  Buc 

eafons  of  the  Year  not  returning  wiih  clieir 

eous  Calendar,  but  wicli  the  Sun  and  the 

cesi   that  their  Country,   Domeftic,  or 

ary  Affairs  might  be  dlfpatched  in  their 

jr  Scalbns,  the  Ancients  propofed  the  ri- 

,nd  fctting  of  the  Stars  inftead  of  a  Calen- 

For  the  Fix'd  Stars  moving  from  the  E- 

►Aial  Points  but  very  Dowly,  and  by  a 

m  not  then  taken  notice  of,  they  made 

no 
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no  queftionj  but  that  the  Sun  returning  to  the 
iamc  place  in  refpe(^  of  the  fame  Fix'd  Star^ 
did  alike  come  again  to  the  fame  Station  in  re- 
fpeft  of  the  Equinoxes  or  Solftices  j  that  is, 
when  the  fame  Star  rifes  or  fcts  Cofmically^ 
'  Achronically,  or  Heliacally,  (which  they  chief- 
ly regarded,;  that  the  fame  feafon  of  the  Year 
was  rcftorcd  to  the  Globe,  and  confequcmly 
that  the  fame  labours  or  affairs  were  to  be  re^ 
turned  to;  from  hence  they  called  the  ftated 
Seafons  of  the  Year  Sydney  or  the  Stars.  Buc 
it  is  found  that  the  Fixed  Stars,  after  a  long  fe- 
•ries  of  Years,  remove  out  of  their  places ;  and 
therefore,  if  the  Day  of  the  Riiing  or  Set- 
ting of  the  Fix'd  Star  given  among  the  Aa- 
j^cnts  IS  to  be  reduced  to  our  Calendar,  an  ac- 
count is  to  be  taken  of  the  motion  of  the  Fix'd 
%arsin  the  intermediate  time.  And  now-a-days 
'Calendars  may  eafily  be  had,  and  the  Roman 
Calendar  ^which  we  ufe,,)  comes  nearer  to  the 
Motion  of  the  Sun,  upon  which  the  Seafons  of 
the  Years  depend  and  are  ordered,  than  the  Ri- 
fmg  and  Setting  of  the  Fix'd  Stars ;  the  obfer- 
ving  their  Riiing  and  Setting  came  to  be  neg- 
IcAed  by  degrees,  and  is  not  ufed  by  any 
but  the  Poets,  who  are  wont  to  defcribe  and 
paint  out  as  it  were  the  feveral  Seafons  by  the 
circumftances  of  the  various  Rifingand  Setting 
of  fo  many  Stars,  than  which  nothing  is  more 
beautiful  and  affeSing  ^  tho'  ic  be  generally  done 
by  them  very  erroneoufly,  becaufe  they  de- 
fcribe at  this  time  the  Day  of  our  Calendar  by 
that  Rifmg  of  the  fame  Star  by  which  it  would 
have  been  juftly  defcribcd  in  the  time  of  Cafar  ; 
whereas  the  difference  between  thefe  two  times 
is  nearly  14  Days*' 
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Section  U. 

Divifion  of  Time,  aod  kvcrii  other 
things  depending  thereon. 

PROPOSITION  X. 
p  tscfhm  the  Dtv'tfion  cf  Time  into  Hours] 
'  Days  r.nd  IVuksy  and  sht  Ttrtns  ttftd  in  Afir^ 
fePending  thereon, 

j  nave  thus  far  been  explaining  the  gene- 

i  of  the  Circles  of  the  Sphere  in  the  appa- 

iyftem  of  the  World,  and  the  more  ulual 

s  in  Aftronomy  depending  thereon :  But 

;  there  are  no  terms  in  Aftronomy  that 

oftcner  than  thofe,  whereby  Time  or  any 

of  ic  is  exprefled  ^  'tis  neceflary  to  treat  a 

concerning  them^and  to  ftew,  by  the  way, 

^ivil  clifpoiition  of  Time,  fo  f&r  as  it  is 

n  an  Aitronomical  Calculation. 

e  moft  confiderable  parts  of  Time  arc,  a 

n  HouTy  Month  and  Tear,  The  firft  of  them 

U7,  (becaufe  a  fpace  of  Time  moft  obvi- 

id  known  by  us;)  and  it  is  either  Natural 

cificial.    A  Natural  Day  the  duration  of  an 

apparent  revolution  of  the  Sun  about  the 

.  The  Artificial  IS  that  part  of  the  Natural, 

g  which  the  Sun  is  above  the  Horizon ; 

:  is  oppofed  to  the  Night,  which  is  taken 

e  Sun's  continuance  below  the  fame :  But 

latural  Day  takes  in  both.    The  Natural 

s  eicher  the  Aftronomical  or  Civil ;  and 

ifFer  from  one  another  only  as  to  their  be- 

ig,  according  to  the  cuftom  of  the  People, 

[ttlemenc  of  the  Aftronomers.  The  Aftro- 

al  Day  is  the  fpace  of  time  which  Hows 

between 
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between  the  Sun's  leaving  a  given  Celeftial 
Meridian,  and  ncx^  return  to  the  fame ;  thae 
Js,  the  fpace  wherein  a  revolution  of  the  whola 
Celeftial  Equator  Is  performed,  and  of  that  part 
of  It  bcfides  which  anfwers  to  a  portion  of  tlia 
Ecliptic,  which  the  Sun  defcribes  in  the  meart 
while  by  its  Annual  motion  cowards  the  Eaft, 
Becaufe  this  portion  of  the  Equator  to  be  added 
to  the  intire  Equator  \%  not  every  where  equal, 
(tho*  its  mean  Quantity  is  nearly  that  of  on^ 
Degree,)  as  well  on  the  account  of  the  Obli*- 
quicy  of  the  Ecliptic,  as  that  the  apparent  An- 
naual  motion  of  che  Sun  about  the  Earth  is  not\ 
equable,  the  Natural  or  Aftrononjical  Day&  are^ 
not  precifely  equal  r  But  of  this  inequality  of 
the  Natural  Days,  I  fhall  treat  Jn  its  proper 
place  afterwards ;  taking  no  notice  at  prcfent  of 
this  nicety.  Moll  Aftronomors  begin  the  Day 
at  noon;  But  Copermcus  following  HJr^  ' 
begins  it  at  Night,  and  this  beginning  is  _ 
cd  in  the  Frutenk  Tables.    Dif  Vaiions 

make  diiFerenc  beginnings  of  tii^  xy«y.  The 
Babylonians  begin  their  Day  with  the  RWing  ot 
the  Sun  ;  The  Jt-ws  and  Athtnlam  with,  the  Set- 
ting of  the  Sun,  as  the  Italians  do  ftilt  Tho 
Eg)fiians  at  Midnight  i  which  h  the  caftom  of 
the  Brltalnsy  Frmcb^  Germtim,  and  feveral  otiicc 
^HTofcan  nations.  And  anciently  the  fame  was 
done  by  rha  Jews,  For  we  naturally  refer 
the  Night,  which  we  fpend  in  fleep  and  ilkncc, 

f tartly  to  the  preceding, and  partly  to  the  follow* 
owing  Day  j  that  b,  we  begin  the  liux^iii^^H 
at  Midnight.  The  Umbri  anciently  made  the 
Koon  to  be  the  beginning  of  their  Day,  and 
this  the  Arabians  oblerve  at  tliis  time- 

Tho'  the  Artificial  Day  .was  hardly  diVir 
€ed  anciently  any  other  way  rli:.n  uitn  tUc 
Morning  and  the  Evening,  and  :  ito 

watcii€4> 
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les;  yet  afcerwards  the  Natural  Day  was 

d  more  accurately  into  24  parts,  called 

Hours  are  either  equal  or  unequal    An 

Hour  is  the  four  and  twentieth  part  of  a 

ftl  Day,    This  fort  of  Hour  was  always 

y  Aftronomers,  and  is  now  in  ufe  among 

f  all  Nations,     The  Italians  reckon  the 

1  from  One    to   24,    from  rhe    begin* 

>f  the  Night  i  (that  being  the  beginning 

Natural  Day,)  and  their  Clocks  are  maae 

hat  manner.    But  We^  the  Funcby  &c, 

I  not  z4,  but  twice  12  Hours;  perhaps 

tie-  number  of  the  Strokes  (truck  by  the 

Qiight  not  be  tedious.     So  that  we  divide 

\y  into  the  Hours  before  Noon  and  the 

afier  Noon.    An  Hour  is  commonly  di- 

Dnly  into  four  Quarters  (which  are  called 

by  fome,J  a  more  minute  divifion  being 

i  bufineffes  unneceflkry  :  But  the  Aftro* 

5  (  and  now  all  the  Politer  fort  of  Pco- 

ubdivide  it  into  ^o  Minutes,  and  each 

fe  into  60  Seconds.   An  unecjuJ  Hour  is  the 

1  pare  of  an  Artificial  Day,  as  alfo  the 

1  pare  of  the  Nigjht,    Tis  caird  Tempo- 

^ecaufe  of  a  venous  length  in  different 

or  Seafons  of  the  Year  :  Thus  the  Sum- 

iurnal  hour  Is  longer  than  the  Winter, 

ic  Nodurnal  fhorter  ;  and  the   Diurnal 

Ln  Summer  is  longer  than  tlie  Nofturnal, 

1  Winter  (honer :  At  the  time  of  either 

ox,  the  Diurnal   hours  are  equal  to  the 

rnal,  and  then  thcfc  unequal  hours  be- 

'he  fame  with  the  equal  ones  defcribed  ar 

upon  which  account  thcfe  equal  hours  are 

by  Authors  Equino^ial  Hours.    The  Jtwtf 

Sj  and  Romans  made  ufe  of  chefe  Tcmpo- 

3Urs.    Such  as   begin  the  Civil  Day,  at 

or  Evenings  do  it  becaufe  the  Sua 

it 


is  then  in  the  Horizon,  the  moft  fenfible  of  all 
the  Circles  of  the  Sphere.     They  have  this  ad- 
T^nragey    that  by  the  number  of   their  equal 
Hoars  they  know  hour  mach  of  the  natural 
Day,  that  is,  how  much  rime  is  gone  fince  Sun 
rife;  but  they  have  this  difidvantage,  that  the 
rimes  of  the  Sun-fct,  Noon  and  Midniijhr,  in 
different  Seafons  of  the  Ye;*r,  arc  marked  with 
difibrcm  numbers  ot  the  Boa's,  and  they  can'c 
be  known  but  by  Calculation  :  They  likewifc 
hare  this  advantage,  they  immediately  know- 
how  much  time  remains  till  Sun-fet,  and  b' 
know  how  to  accommodate  theirLabours  orTra-^ 
rail  toic;  and  this  difadvantage  ag.un^    that 
they  can*t  reckon  the  Hour  of  Sun  rife,  Noon, 
or  Midnight,  without  computing.     Such  asb^ 
gin  the  Civil  Day  from  Noon  or  Midnighr,  do 
It,  becaufe  the  Sun  is  then  at  his  grtateft  Ele- 
vation or  DepreflSon ;  but  the  name  of  the  Hour* 
of  Sun  rife  or  Sun  fet,  they  gee  only  by  Com-^ 
puring.    Laftly,  fuch  as  fhou  d  ufe  the  unequal' 
Hours,  juft  now  defcribed,  could  always  tell- 
Sun  rife  or  Sun  fet  by  the  twelfth  hour ;  Noon' 
and  Midnight  always  by  their  fixth  ;  but  could' 
know  the  Quantity  of  the  Hour  only  by  Cal- 
culation. 

A  iVeek  15  the  ancienteft  collcftion  of  Days  as 
ever  was ;  as  is  evident  from  the  Sacred  Writ- 
ings. The  jFtfu-j  ufed  this  colledion  of  old,  and 
iince  the  reception  of  Chnftianiry,  other  Na- 
tions too:  Every  Day  of  it  has  a  nime  given  to 
it  from  fomeof  the  Planets,  after  the  following 
manner:  The  Hours  of  the  natural  Day  arc 
four  and  twenty,  the  Planets  but  leven,  and  in 
this  order  in  the  common  Syftem,  Saturn,  Jn- 
piter.  Mars,  Sol,  Venus,  Mercury,  thcMoonj 
they  began  at  the  firft  Day  ofzhc^Jewtjh  Week, 
afcribing  to  the  Sun  ^ the  Author  of  the  Day) 

rhe 
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frft  Hour  of  It,  to  Vcniis  the  (ec^nd,  to 
:ury  the  third,  to  the  Moon  the  fourth; 
beginning  from  Saturn,  they  aflign'd  the 
Ho0.r  to  him,  and  fo  on ;  by  this  means  the 
■lour  of  the  following  Day  happens  to  the 
n,  and  flie  therefore  beftows  a  name  uport 
Day  of  the  Wceh  from  her  own;  whicll 
od  is  conriflued  in  the  followinu;  Days  to 
nd  of  the  Week. 

POFOSITION   XL 
0   explain   the  divlfion  ef  Tjnit  into  Mxmths'f 
Ttarsy  and  the  various  forts  and  coiUclions  vf 

o*  a  Month  be  properly  that  fpacc  of  tfmc 
:in  the  Moon  goes  thro'  the  Zodiac;  yef 
rhcre  are  about  twelve.  Months  that  pufj 

the  Stfn   runs  Once  thro'  the  Ecliptic j 

pace  of  tinte  alfo  wherein  the  Sun  runs 

mt  Sign  of  the  Zodiac;  is  call'd  A  SoLr 

;  which  is:  about  %o\  Days-^    Again,;  thd 

Month  IS  either  VerioJicy  in  which  thd 

having  departed  from  any  Point  of  the 
c  returns  to  it  again,  and  is  fomething 
an  27  Days;  or  Synodic,  which  is  fbme- 
more  than  29  y  Days,  wherein  the  Moorl 
iro'  all  its  feveral  Phafes,  and  oh  that  ac- 

is  of  principal  ufe  irr  the  marking  of 

Both  .the  Solar  and  Synodic  Lunaf 

1,    is  either  Afironomlcd   (of  which  w6 

poken  already)  ov  Civil y  according  to  the 

nt    cuitom  and  inftitution  of  each  Isia- 

For  fome,  asr  the  Egyptians^  liked  the  vo- 
)nchs,  and  made  each  of  them  to  confift 
Days ;  and  to  compleat  the  Year,  at  the 

twelve  fuch  Months  they  annexed  five! 

made  up  of  thofe  twelve  times  ten  Hours; 

ach  Solar  Month  exceeds  jo'  Days  by.' 

K  But 
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Bat  moft  of  the  Ancients  fancied  the  Synodic 
Lunar  Month  moft^  fuch  as  the  Jews  ancien^ly^ 
the  Grecians  and  Romans,  to  Julius  Cafars  time ; 
and  the  Mahometans  at  this  time.  But  that  thefe 
fort  of  Lunar  Months,  that  do  riot  confift  of 
whole  days,  might  be  hcted  to  Civil  ufe  (where 
pieces  of  days  can't  be  taken  notice  of^  and  con- 
fidered,)  they  made  their  Civil  Months  alter- 
nately of  30  and  29  days,  fcalling  the  foimer 
Full,  and  this  Caw  Month;  )  fo  that  two  fuch 
Months  are  equal  to  two  Lunar  Months  of  29  i 
days  a  piece ;  and  the  New  Moon  would  not 
lenfibly  remove  from  the  firft  day  of  the  Civil 
Month  in  the  courfe  of  fome  Years. 

A  Year  is  fometimes  taken  for  the  time  of  the 
revolution  of  a  Planet  through  the  Zodiac ;  in 
which  fenfe  a  Month  is  fometimes  called  a 
Year:  and  fometimes  for  the  time  of  an  intire 
apparent  revolution  of  tht  Fix'd  Stars  thro'  the 
Zodiac,  which  they  call  the  Annus  magnus,  or 
Great  Tear.  But  a  Tear  is  properly  that  time 
which  the  Sun  takes  to  run  thro'  the  Zodiac  in. 
And  it  is  of  two  forts,  the  Aftronomic  and  the 
Civil :  The  Aftronomic  is  alfo  twofold,  ac- 
cording to  the  two  different  bounds  of  the  Sun's 
revolution ;  namely,  the  Sydereal  and  Tropi- 
cal. The  Sjderial  Year  is  the  fpace  of  time, 
that  the  Sun  having  departed  from  a  Fix  d  Star 
returns  to  the  fame  in  ^  and  it  is  J69  Days,  6 
Hours,  and  10  Minutes  nearly.  The  Tropical 
Year  is  that  wherein  the  Sun  departing  from  one 
of  the  Cardinal  points,  the  Equinoftial  or  Sol- 
ftitial,  returns  to  it  again ;  and  is  fomething  lefs 
than  the  Sydereal,  becaufe  the  Cardinal  points 
ol  the  Ecliptic  themfelves  go  backwards,  and 
as  ic  were  meeting  the  Sun,  make  the  Sun  to  re- 
turn to  the  fame  point  of  the  Ecliptic  fome- 
thing fooner  than  to  the  fame  Fix*d  Star,  where 

that 
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point   of  the  Ecliptic  was,  when  the  Sun 

betbre  in  the  faid  Point.    This  Tropical 

is  ;6f  Days,  y  Hours,  494  Minutes  very 

I'y  and  wants  about  21  Minutes  of  the  Sy- 


fche  CfW  Year  is  the  fpace  of  time,  thattti 
Jon  of  the  Sun  or  Moon,  or  both,  points 
Received  by  the  fettled  Cuflom  of  ajiy  Na- 
^    Hence  'tis  evident,  that  there  are  three 

is  of  the  Civil  Year  ^  namely,  either  purely 
r,  or  purely  Solar y  or  Luni-Solary  which  i% 
!  up  of  both.    The  Lunar  Year  confiiU  of 
•?e  Lunations  or  Synodic  Months  that  are 
led  in  ;  5*4  Days,  ac  the  end  of  which  the 
t  begins  again.    And  fmce  this  Year  wants 
tii  Days  of  the  Tropical  Year,  that  brings 
ieafons  over  again  3  it  comes  to  pafs,  thac 
beginning  of  this  Year   fallirg  upon  iha 
ig  now,  in  8  Years  time  would  fall  upon 
ter,  and  after  as  many  more  upon  Autumn, 
upon  Summer,  and  laftly,  ac  the  end  of  ;j 
5  return  to  the  Spring  again.     And  this  is 
i  the  IVv.ndrlng  Lunar  Ttar]  becaufe  its  be- 
bg  wanders  thro'  all  the  Scafons  of  the 
,  and  thac  in  the  memory  of  one  Man. 
called  alfo  ^nnut  SolutHiy  becaufe  free  and 
gaged  from  the  motion  of  the  Sun,  which 
at  all  confidered  in  the  ordering  of  it.  This 
of  Year  is  in  ule  among  the  Tia-ksy  and 
s  to  be  found  out  a;t  firft  in  thofe  Councriesy 
e  the  differences   of  Summer  and  Winter 
ot  very  evident  and  fenfible ;  and  where^ 
^anc  of  Aftronomy,  the  return  of  the  Sun 
c  Cardinal  points  of  the  Zodiac,  thac  de- 
Che  Solar  Year,  is  not  ealily  known:  Ort 
h  account  taking  the  Signs  of  the  Seafons 
the  Moon,  they  took  the  beginnings  of 

Lthe  brginnings  of  her  Pbalcs 
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or  Ap^eartece»;  itoW/  diere  b  ^  odmGbr^f 
^LtHlidoini  that  comes  fo  near  to  die,  So6k  Yeair 
twhidichey  Had  fdttf6findllmowie<tee6f)  a^ 
eke  TvrelTe.  I  ^M  a|»  alio  t6  ddnl^'  the  reafoii 
of  the  beginning  the  Civil  Day  from  the  Srxi^ 
fee  »  to  be  tak^'^m  Che  Moon :  Becabfe  it  ' 
feems  ncceflary  fcr  them  to  begin  the  Civil  Daj^ 
wirh  their  Year  and  Monrh,  that  is,  With  tlilfe 
New  Moon,  which  at  firft  tliey  kniw  no  orhct^ ' 
wife  than  by  the  help  of  their  Eyes;  which  w^ 
when  they  faft  the  New  Moon  in  Ae  Eveniiiif 
immediately  after  Sun  fet.  And  lipOn  this  ac«> 
count,  the  firft,  fecond,  thirdj  &c.  Day  of  .thtf." 
Monthj  was  called  the  firft,  fecond^thhrd  Mooi^ 
and  the  day  of  the  FuH  Moon  was  caH^doty* 
fequently,  the  fourteenth  Moori-  ' 

Such  of  the  Ancients  as  were  billing  16,  fe4^ 
t^in  the  Lunar  Year^  thought  it  notv*idlR^nd^'^ 
ing  proper  to  adapt  u  fo  to  the  Sdhj  that  fts 
beginning  might  be  in  a  manner  fix'd,  add  that 
it  might  kee^  the  Cardinal  points  of  the  Teai* 
fhewn  by  the  Seafons,  from  receding  much 
from  their  Months ;  and  to  this  purpofethey  ns'd 
Intercalary  or  Embolimean  Months,  And  firft^ 
iq  the  fpace  of  three  Years,  they  made  up  an 
intirc  Month  to  be  inrerdalated  every  third 
Year,  out  of  the  eleven  odd  Days  in  evei-y  So^ 
lar  Year.  But  becaufe  this  artifice  was  not 
exaft  enough,  in  every  eight  Years  they  inter- 
calated three  Months^  every  one  of  which  con- 
fided of  ^o  days,  (namely  at  the  end  of  th6 
third,  fifth  and  eighth  Year,  tho'  fome  others 
othei'wife,)  and  at  laft  eight  Months  in  19 
Years.  Hence  *tis  evident  that  .fome  of  thefe 
Years  are  fimple,  namely  of  '^^^,  or.  ^fy  days, 
the  number  that  there  is  in  the  Wandring  Lunar 
Year  ,--fome  embolimen  or  intercalary,  of  384 
or  584  days,  when  there  are  thirteen  Luna- 
•    •  •  tiont 
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in  the  Year.  Thefe  Luni-fohror  fijt'd  Lu- 

ears^  are  ufed  by  the  Jm/s  and  clic  Clergy 
e  Roman  Communion, 
'here  are  three  forts  of  Solar  Year>,  or  fuch 
ire  fitted  to  the  motion  of  the  Sun  alone 
Ithe  viciffirudes  of  the  Scafons  depending 
eon  ^  the  Egyftlan^  Julian^  and  Gregorian, 
S  Egyptian  Ycdv  conlifts  of  ^6j  Days,  which 
\  divided  into  twelve  Months  of  qo  days  a- 
Cj  and  five  other  days  (called  W^jmirdu;  ad- 
ac  the  end  of  rhem,  as  was  faid  above.  In 
tonftitution  of  this  Yc;ir  there  is  no  regard 
to  the  motion  of  the  Moon :  But  bccaufe 
Year  wants  y  Hours  49  Minutes,  or  almoft 
ours  of  the  Solar  Tropical  Vcar  ;  in  four 
rs  time  ic  gees  near  a  whole  day  before  the 
T  Tropical  one,  and  in  1460  Years  i(s  be- 
iing  wanders  thro'  all  the  Scafons  of  the 
r ;  on  which  account  ic  may  in  a  manner 
ailed  a  ffinfirhg  Year,  altho'  in  ti)e  Age  of 
Man,  or  60  Years,  it  does  not  anticipate 
le  I  y  D'^ys. 

ulius  C>/*.r  finding  the  E_?yjf}:-!n  Year  to  gee 
re  the  Trcpical,  becauib  the  fix  Hours, 
reby  ir  wants  of  the  Tropical,  arcintirely 
eded  Ln  its  confticution  5  did  therefore  add 
b  6  Hours  to  each  JulLn  Year  ;  fo  thar  a 
(wYear  confills  of  }6y   Days,   fix  Hoars. 

bccaufe  this  piece  or  quaiterof  a  Day, 
r  be  confidered  or  caken   notice  ol  in  Civil 

he  added  the  D:^y  made  out  of  them  in 
Years  to  every  fourth  Yck,  between  the 
and  24rh  of  hVortniry^  (becaufc  the  EcfnMts 
e  they  ufed  the  Lunar  Year  before  Caf^r^s 
,  intercalated   the    Embolimean    month;) 

fore  froni  that  time  they  writ  bis  fcxto  Ka- 
iMartiij  or  thcfixth  of  the  Kalends  o^Ahrcb 
11  ;  twice; 


M 
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twice;  from  which  coftom  the  Year  had  th^ 
pame  of  the  fiijjixtile^ 

And  this  Julian  Year  confifting  of  265:  Days, 
^nd  adding  in  four  Years  one  Day,  lo  that  af- 
ter three  fimple  Years  there  may  follow  a  fourth 
pf  ^66  Days,  is  the  beft  fitted  for  Aftronomjcal 
Complications]  becaufe  it  is  a  mean  between 
the  Matural  or  Tropical  Year  of  365*  Days,  j 
Hours  and  49  Minutes,  and  the  Sydereal  Year 
pf  ;6j  Days,  6  Hours  and  10  Minutes,  and 
does,  as  it  were,  give  an  ocular  Demonftration 
of  the  natural  regrefs  of  the  Equinoxes.  This 
form  of  the  Year  held  common  among  all  Po- 
lite Nations  from  Auguftus  (whoreftor'd  it  when 
it  was  altnoft  loftj  unto  the  Year  i  jSi,  when 
the  Julian  Calendar  was  reformed  by  Gregory  the 
XHl'^^-    But  it  is  ftill  in  ufe  among  the  Britahs, 
Irijhj  and  others.    Yet  it  muft  be  confefs'd,  that 
the  quantity  of  the  Julian  Year  is  too  big,  on 
which  account  the  beginning  of  this  Year  alfo 
by  little  and  little  creeps  forwards  in  regard  of 
the  Seafons,  or  (which  is  all  one)  the  Times  of 
the  Equinoxes  and  Solftices  creep  backwards  in 
regard  of  the  Days  of  this  Year.     And  fince 
this  regrefs  is  about  104-  Minutes  every  Year,  in 
abour  i;;  Years'  it  will  be  a  matter  of  a  Day, 
and  confequemly  from  the  Year  of  Chrift  ^2j, 
wherein  the  Council  of  Nice  was  held,  to  the  Year 
IJ82,  wherein  the  Pope  reformed  the  Calen- 
dar, namely  1260  Years,  this  regrefs  was  a  mat- 
ter of  10  Days.    Hence  ir  came  to  pafs,  that 
whereas  in  the  time  of  the  Nicene  Council  the 
Vernal  Equinox  happened  near  about  the  21ft 
day  of  M.rc^,  in  the  Year  1^82  it  was  found 
to  have  crept  up  to  the  nth  of  March,    That 
he  might   therefore  bring  the  Equinox  to  its 
former  place,  ten  days,  were  fuppreffed  in  the 
Month  of  O^okr,  in  the  Year  1^82,  and  the  yth 

day 
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fwas  call'd  the  fifteenth ;  by  this  means  what 
lid  ocherwife  have  been  the  i  ith  day  of  the 
'ch  following,  and  the  time  of  the  Equinox, 
)mcs  the  2ift  of  March  ^  that  is,  the  Equi- 

happens  rhe  fame  day,  viz,.  2xft  of  Marcb^ 
:  did  ill  the  time  of  che  Council  of  Nice ^  which 
led  the  time  of  keeping  E/t^er.  Still  if  no 
£r  reformation  fhould  be  made,  but  the  ta- 
5  away  this  ten  days,  the  Cardinal  Point> 
lid  again  remove  after  the  former  manner. 
Tome  Years  time.  The  Pope  therefore  to 
Id  this,  order'd  that  once  in  ij;  Years  ( in 
ch  time  the  excefs  of  a  Julian  Year  above 

Tropical  rifes  to  a  whole  Day  )  one  day 
tfd  be  taken  away  from  the  Calendar ;  thac 
hat  three  days  fliould  be  taken  out  of  four 
dred  Years ;  and  this  he  appointed  to  hz 
,e,by  making  every  liundredth  Year  of  the 
iftian  jEra  common,  which  according  to 
Julian  Account  is  always  BiJfextiU ;  but  c- 
r  four  hundredth,  which  was  to  coniinue 
A:fi/^,a5  in  the  Julian,  The  New  form  of  the 
r  fettled  by  the  Authority  of  Pope  Gregory 
V^y  wascaird  from  him  the  Gregori.w^  and  is 
JTved  in  Italy ,  France^  5pij;>,Gfrw^jrj',wherefo- 
f  the  authority  of  the  Pope  reaches ;  and 
Ke  clofe  of  the  laft  Age,  was  admitted,  as  to 
Civil  Months,  by  feveral  of  the  Reformed 
Germitnyi  As  for  the  finding  the  Vafchal 
w,  they  kept  themfelves  ftillto  RtflersRudol- 
e  Tables,  till  fomething  more  certain  could 
ix  d  upon  and  fettled. 

iS  the  form  of  the  Year  among  different 
ions  is  various,  fo  likcwife  is  its  begmning. 
S  Je-ii^s   begin  their  Eccleiiaftical  Year  with 

New  Moon  of  that  Month,  whof;  Full 

on  happens  next  afctr  the  Vernal  Equinox  : 

5  Church  of  Rome  begin  their  Year  with 

R  4  the 
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.  |he  Sunday  that  falls  upon  the  fajd  Full  Moon, 
pr  that  happens  next  after  it^  or  with  the  Fe^Ji- 
ef  the  RtftfrreBlm  pf  pur  Lord,  which  was  cha    | 
puflom  m  France  ht^ox^  the  Year  1J64.,    The 
Jtwshtgsn  their  Civil   Year  with  the  I^ew 
MooHj  that  has  its  Full  Moon  happening  ne%c 
pfter  the  Au'umn3l  Equij^ox,     The  Gfidxms  be-    ' 
gan  their  Ye^r  yvi^h  the  New  Moon  chat  hap-    j 
pens  next  after  the  Summer  Solflice  :  And  the    [ 
Romans  ancietitly  he^ap  their^  with  the  I^ew 
Moon  next  after  thp  Winc^^r  Splfticep     And    ! 
this  feems  to  be  the  reafon  why  Jtdiifs  C^far  did   I 
not  fix  the  beginning  of  his  Yeyr  (the*  a  Solar)    1 
jn  the  Winter  Solftice  it  felf,  hu:  carried  for  the 
following  New  Moon,  where  he  ^pight  place    1 
the  beginning  pf  his  Year  or  the  Calends  of 
y^wurj  according  to  the  cuftom  thqn  refeiv'd.    . 
Tho*  perhaps  the  ancient  opinion  was  not  yetia-   i 
tireiy  loft^  that  the  Solfticcs  were  celebrated  itji    * 
the  eighth  pares  of  the  Signs  of  Cancer  and  Ca-  ^ 

fricorn,  and  not  in  the  ycry  beginning  of  the 
.  jgns:  hy  which  no  more  was  meant  a^nong  th^ 
Learned^  than  that  the  Sun  was  realty,  ia  the 
eighth  parts  pf  the  Signs^  when  he  wasjCommonf 
ly  thought  to  be  in  the  beginning;  which  is  al> 
one  as  to  lay  th^P  the  Equinoxes  and  .So^ftices  . 
were  anticipated  for. 6  or  7  Days.  And  if  the  . 
Sun  h^d  been  iri'thp  fifft  point  of  Capricorn 
on  t|ie  24?^  of  Dupcmbtr,  he  would  be  exadly 
pnough  in  theeighth  Pegr^e  of  it  on  the  i^^  pf 
January.  By  this.  Method  he  brpught  it  about 
that  the  Celebration  of  the.  Olyojpic  Games 
ftould  fa]|,upon  the  firft  ,D?y  of  <bp  Month 
.^intillis^  >ybich  he  CaJI'd  by  his,own  ^ame, 
Juljf:*  And  perhaps  theie  Games  themfelves 
were  by  ancient  Rite  infticuttd  pn  the  ac<50iiflC 
of  ih^ $umr^sr  ^olftjcc^  ..  ..,  .  .;.( 

Tho' 
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10*  the  firft  of  January  is  row  look'd  upon 

beginning  both  of  the  Julian  and  Grtg^ 

ear  almoft  thro'  all  Et4ropf  ^  yet  others  as- 

icher  beginnings  to  it  both  formerly  and 

a-days.     We  have  fpoken  of  the  moveable 

t  of  E"fin  already.  The  f^emtlmsy  Florentines, 

Inhabitants  of  Tifa  in  Italy ^  and  of  Treves 

wmany,m'3kt  the  Vernal  Equinox  to  be  the 

jjining  of  their  Year.    The  ancient  Clergy 

I  the   25th  of  Marcby  or  the  Feaft  of  the 

Inciation   of  the  BlelTcd  Virgin,  that  is, 

%  Incarnation  of  Chrid,  to  be  the  begin* 

^f  the  Yeiir :  Which  the  Cburcb  of  England 

etains  as  the  beginning  of  the  Year.     And 

Jivil  Year  begins  here  alfo,  tho*  the  Yul- 

cgin  it  at  the  firlt  oijunnjry,  with  the 

ibouring  Nations. 

ie  more  celebrated  colledtions  of  Years  or 
9,  meafured  by  a  repetition  of  Years,  are 
ympiaJ,  of  4  Years  ^  a  L«//r//w,of  fometimes 
metimes  y  Years  ^  a  Jubilee^  of  49  or  jo 
fj  a  Sec^lttm^  or  an  Age,  of  loo  Years ;  an 
t  Mfjgffusy  or  Great  Year,  Handing  for  an 
apparpnt  Revolution  of  the  fix'd  Stars,  till 
having  departed  from  a  fi^d  Point,  they 
1  to  the  fame  again,  which  i$  lyooo  or 
^ears,  or  thereabouts. 

^"       Proposition  XII. 
O  enumerate  the  chief  ^.nd  mofi.  note^  Efocbasy 
and  to  eyflitin  their  rd.ttlon  to  tffcb  ether. 
the  Aftronomer  in  qompu^ing  the  motion 
5   Ceieftial  Bodies,  affume  certain   fix*d 
;  to  begin  at ^  fo  rhey  do  certain  moments 
me,  from  which  as  Roots,  their  Compu- 
y  may  begin  and  proceed.     Thcfe  Roots^ 
they  alio  call  E;>cci-j  and  sxfr^/,  corn- 
have  a  name  from  fooie  famous  Adioq 

or 
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or  Event,  that  happened  near  the  beginning  of 
each.  The  moft  confiderable,  and  which  wc  are 
beft  acquainted  withal,  is  the  Epoeba  ofchrifi's 
Nativity,  or  the  firft  day  of  the  January  that  wo 
fuppofc  to  follow  next  to  the  Nativity  of  our 
Ixjrd  :  And  45-  years  before  is  the  Efncba  ef  Ju^ 
hus  Cdfafy  or  the  beginning  of  the  Julian  Tcar^ 
at  which  time  dcfar  rejeding  the  old  Ronton^ 
Year,  that  had  been  ufed  from  Numa,  as  they 
believed,  ordered  the  Jtilian  Year  to  be  obfer- 
ved  thro'  the  Roman  Empire.  'Tis  tnie^  rhit 
Year  was  not  obferved  always  from  the  bcgiiK^ 
ning,  but  after  I'arious  and  confufed  interca- 
lations extraoidinariJyj  in  about  che  loth  Year 
after  its  beginning,  that  is,  the  yrh  of  the  Vul- 
gar TEr^y  or  Birth  of  our  Saviour,  it  was  reftow 
red  by  Jugufius  in  the  fame  order  as  if  it  had 
been  continued  without  any  interruption  from' 
the  beginning. 

Tho'  the  Epocha  of  the  Nativity  of  Chrift 
above  defcribed  be  eftablifted  by  common  ufe, 
and  now  almoft  univcrfally  reccived,yctEw^//iwcf 
and  Ireland^  in  affairs  both  of  Church  and  State, 
life  an  Epocha  a  full  year  after  itj  and  fup- 
pofc Chrift  to   be  born,  not  on  the  ijth  of 
March,  near  the  ending  of  the  forty  fifth  Julitn 
Year,  but  of  the  following  Year ;  namely  the 
forty  fixth  Julian  Year  ;  and  they  fuppofe  Chrift 
to  be  conceived  on  the  lyrh  of  xMarcb  of  the 
forty  fixch  Julian  Year ;  and  number  the  Y^ar 
not  named  from  the  Nativity,  but  from  the  in- 
carnation   of  Chrift,    that  is,  the   Conceprion ; 
and  by  confequence  the  fame  in  number,  for 
the  greateft  part  of  the  Year,  with  the  remain- 
ing round  Number,  that  (hews  the  Year  from 
the  Nativity.    But  in  the  Months  almoft  be- 
tween the  f[xi[oi  January  and  the  2fth  of  March, 
they  reckon  a  different  year  from  the  reft,  « 

chcy 
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mght  according  to  their  itra.  That  this 
tnce  between  the  JEns  that  take  their 
jifrom  Chrift^niiiy  be  better  underftood,  we 
b  take  notice,  that  Dfonj/ius  called  Extguus^ 
he  Author  of  this  vEra  above  five  hundred 
^  after  Chrift,  from  which  time  they  be- 
to  reckon  from  the  Nativity  or  Incarnation 
ift,  whereas  before  they  ufed  to  number 
•cars  by  the  Confuls,  and  from  the  Build- 
Ramr^  in  the  R.m-n  Empire  ;  and  out  of 
Fthe  Years  of  each  King's  Reign.  This 
Ifomecimes  call'd  from  its  Author,  the  Dith- 
\  is  by  no  means  to  be  looked  upon  as  ex- 

fl  agreeable  to  Hiftory.     For  'tis  not  yet 
,  whether  ir  was  the  firft,  fecond,  third, 
I,  or   fifth  Year,  before  the  Vulgar  jEra 
Hhrift  was  born,  as  may  be  feen  in  Kcfkrs 
cf  the  Te.'^r  wbittin  Chrijt  was   born.     But 
ippofed  jEra  is  not  too  far  diftant  from 
me,  which  is  fufficienc  for  an  yEra.    And 
iing  to  DionyfitiSy  the  Author  of  this  jEra, 
k  was  conceived  the  zjth  oi  March  of  the 
""ear  current  of  this  jEra,  and  born  the  fol- 
g  Winter,  at  the  end  of  the  46th  Year  of 
Cafar.    This  computation  of  the  Year 
:  firft  univerfally  received,  but  is  now  lefc 
stain'd  only  in  EngUndy  together  with  the 
ning  of  the  Ecclefiaftical  and  Civil  Year, 
^eaft  of  the  Annunciation,)  which  obtain- 
thofe  days :  For  in  the  Chriftian  World 
this  Epocha  was  tacitly  departed  from; 
)w  the  common  opinion  is,  that  Chrift 
orn  the  Winter  before  the  Dmtjfian  An- 
ition,  namely  at  the  end  of  the  4yth  of 
Cafar,  and  therefore  they  reckon  the 
from  the  Nativity ;  and  fo  make  Chrift 
car  older  than  Dimjfius  the  Author  of  the 
id,  and  the  £n^///fc  with  him. 

Since 
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Since  moft  Aftronomical  Tables  are  now  fit- 
ted CO  the  more  common  Chriftian  i£ra^  the 
other  more  celebrated  ones  are  to  be  compared 
and  reduced  to  it.  And  the  firft  of  them  is  the 
pfocba  of  the  Creathn,  about  which  there  are  fe^ 
veral  controverfies.  Some  fay  the  World  was  crea- 
ted 39yoYearsbefore  the  common  vEra  ofChrift, 
and  thefe  fays  Gc^jjindus  come  neareft  the  tru-h; 
which  is  likewife  approved  of  by  cheFr^^cAAftro- 
nomers.  Others  ;98;years;  and  with  thefe  Veta^ 
vius  agrees.  Kepler  599;  years,  in  the  middle  of 
Summer, from  Aftrology.  Heveliusinch^  39654 
Year  currrent  before  Chrift,  the  24th  cf  OSiohr 
of  the  Julian  Tear  continued  backwards,  at  6  a 
Clock  in  the  Evening,  in  the  Meridian  of  EJen^ 
becaufe  he  found  in  his  Tables  of  the  Sun,  that 
at  that  time  the  Sun  was  in  the  beginning  of  =^, 
and  its  Apogxum  in  the  beginning  of  Y .  Others 
make  it  much  more  ancient,  and  place  it  5199 
Years  before  Chrift. 

The  Epocha  of  the  OlymfiaJsy  of  all  Profane 
ones,  is  the  moft  Ancient  and  Celebrated :  It 
is  placed  in  the  Summer  of  777  years  before 
iChrift,  the  firft  oijuly,  the  Julhn  Year  being 
continued  backwards.  Not  much  after  is  the 
Epocba  of  the  Building  of  Rome,  which  is  general- 
ly fix'd  in  7p  years  before  Chrift. 

The  ty£ra  of  Nabonaffarj  always  famous  a-' 
mong  the  Aftronomer§,  began  at  the  26th  day 
oi  February  of  a  Julian  Year  produced  back- 
ward, and  in  the  Year  747  before  Chrift.  And 
becaufe  this  was  the  firft  of  the  ^ydEgyptinnYtars^ 
Ttolemyy  and  after  him  the  other  Aftronomers, 
and  Copernicus  himfelf,  compute  from  thence  the 
motion  of  the  Stars  by  <^,^:gyptian  Years.  For 
the  ty£gyptian  Years  coniiftingof  567  Days,  tho' 
unfit  for  common  Ufe,  becaufe  its  Cardinal 
l^oints  wander  thro*  all  the  Seafoos,  yet  is  very 

fit 
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Aftronomital  Computations,  bccaufe  it 
bed  with  no  ihtctcalation. 
Epocha  of  the  Death  0/ Alexander  the  Great 
next  in  order,oh  che  iich  day  of  NW^w- 
;thc  year  3^4  before  Chrlft.  And  this  alfo 
;  che  firftof  the  ty£gymian  Wandering  Years 
fo  the  Founders  of  Aras  will  have  ic,  tho' 
tvcnt  happened  before  or  after  the  begin- 
pf  the  Year)  Tl^eo,  Aihaugnlus,  and  others 
aied  this  Epocha,  computed  the  ^^gyplan 
jfrom  hence.  Between  the  yEras  of  N*t- 
fr  and  the  Death  0/' Alexander  tht  Gfeat^ 
iare  424  years  pecifely. 
afs  over  the  ex^rrf  ofthe/lhyjfmhns^  call'd 
he  iEra  of  Diodejim  and  she  Martyrs :  As 
he  z/£Ya  of  the  Ariibians^  that  is,  the  Hcgtrjty 
ight  cf  Mahomet  :  And  the  Epccba  of'^cho 
Hi,  or  as  it  ib  calld  j/i/^f^/W  *  and  others, 
g  fuch  as  are  offmallufe  to  us)  which 
be  feen  at  large  in  Writers  upon  that  fub- 
and  in  fine,  the  Epocha  of  che  Juiian  Pe- 
)f  79S0  years,  invented  by  ScaUgery  begin- 
4714  years  before  the  Chriftian  iEra,  and 
before  the  World  was  created. 


quencly 
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I 

pneres  and  other  Inftrumcnts  invented 
reprefent  the  firfl  Motion  of  the  Hea- 
as,  and  of  their  Ufc. 

Proposition    XIII. 

0  defcrtbe  tht  tomrnon  Injfrumentj,  hy  which 
the  Firjl  or  Diwnai  rftotion  is  imitatedy  anJ. 
pirated  to  the  Sight,  namdy  the  C<lefiiul  Globe 
thirei 

For 
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For  the  better  conception  of  the  aforefaid 
Circles  in  the  Heavens^  Anifls  prefent  us  with 
the  Image  of  the  Scarry  Heaven  upon  the  Ce- 
leftial  Globe,  which  is  a  Sphere  made  of  Me- 
tal, Paper,  or  any  other  like  fubftance,  eafy  to 
be  moved  upon  two  Poles.  Upon  the  Convex 
furface  you  have  marked  the  Places  of  the  chief 
Fix'd  Scars,  fo  difpoled  in  regard  of  one  ano- 
ther and  the  Poles  of  the  Sphere,  as  the  fixed 
Scars  theinfelves,  which  they  reprefent,  arc  dit 
pofed  in  refpec^l  to  one  another  and  to  the  Poles, 
about  which  the  Heavens  feeni  to  revolve  irt 
the  diurnal  motion.  The  Images  alfo  of  cho 
Afterifms  are  drawn  upon  it,  that  thefe  Scars 
feem'd  to  reprefenc  co  the  Ancients,  drawn  to  it 
cither  by  the  force  of  Fancy  or  Religion, 

There  are  drawn  alfo  upon  this  Globe,  the 
Equinodial  Circle  exai^ly  between  the  Poles^ 
and  the  two  Tropics  parallel  to  it,  on  each 
fide  of  it  at  254- Degrees  diftance,  and  as  many 
Polar  Circles  at  as  great  a  dillance  frotn  both 
Poles.  The  Ecliptic  alfo  is  drawn  reaching  co 
both  the  Tropics,  and  incerfeding  the  Equi- 
no(aial  upon  the  Surface  of  the  Globe,  in  the 
points  fo  related  to  the  Places  of  the  Stars,  as 
the  points  of  the  Celeftial  Hquinodial  (where 
the  Sun  appears  in  the  time  of  the  Equinoxes) 
are  related  co  the  Scars  chemfclvcs,  in  the  Age 
wherein  the  Globes  are  made  :  As  well  the  E- 
quino(9ial  as  the  Ecliptic  is  divided  into  De- 
grees^ bej^inninpc  ac  the  ptnnt  that  reprefents 
the  Vernal  Equinox;  the  Equino^al  into  j6o, 
without  any  break,  but  the  Ecliptic  into  1 2  Signs, 
diftinguifiied  by  their  proper  Marks,  every  one 
of  which  is  fubdividcd  into  jo  Degrees :  And 
the  Secondaries  of  the  Ecliptic  drawn  thro'  the 
beginning  of  each  Sign,  and  meeting  in  the 
Poles,  divide  the  whole  Globe  it  felf  into  as 

many 
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Signs.  Only  two  Secondaries  of  the 
itofj  namely,  the  Colures,  arc  drawn  upon 
Celeftial  Globe,  one  of  which,  namely, 
Solfticial  Colure,  is  the  Secondary  alfo  of 
kliptic.  Such  a  Globe  as  this  reprefenting 
Starry  Firmament,  is  made  movable  upon 
iforelaid  Poles,  fo  inferred  inro  the  Meridi- 
%  Brazen  immovable  Circle  placed  without 
Slobe,  as  to  fie  that  fide  of  this  Meridian, 
|b  is  divided  into  Degrees;  which  fide 
fore  is  to  be  taken  for  the  true  Meridian, 
jhicknefs  of  the  Circle  only  ferving  for 
|th. 

Sdes,   the  Globe  incompaffed   with    the 

^ian  (  as  was  faid  )  is  let  into  a  Wooden 

ivance  reprefenting  the  Horizon,   fo  as 

(lalf  of  it  15  above  the  upper  Surface  of 

A^ooden  contrivance,  which    is  therefore 

looked  upon  as  the  Horizon.    And  that 

Jlobe  may  come  near  enough  in  every  part 

:  Horizon,  there  are  notches  in  the  Hori- 

for  the  infertion  of  the  Meridian,  that  is, 

incnt    witliout    the  Globe.      Upon  the 

th  of   this   artificial  Horizon,   which  is 

enough,  befides  the  inmoii  Circle  divided 

ts  proper  Degrees,  reckoned  from  conveni- 

eginnings,  there  are  the  Julian  and  Grtgo* 

Calendars,  with  the  Degrees  of  the  Signs 

le  Ecliptic,  that  the  Sun  is  in  nearly  upon 

Days  in  that  Age  :  There  is  alfo  a  CircU 

e  Winds  or  Points  of  the  Compafs. 

le  Horizon  is  fupported  by  four  or  more 

Pillars  faften'd  to  a   Foot  or  Bafe,  upon 

\  there  is  placed  a  Mariner's  Compafs  and 

le,  to  fee  the  Globe  pretcy  nearly  agreea- 

the  Quarters  of  the  World.    You  have 

Quardant  of  Altitude  that  may  be  faften'd 

I  vertical  Point  of  a  Meridian  by  the  help 

of 


am  kftwykf  linVfiVidai  iiito  Dig^^ 
betaken  for  a  tfiie  Qudcnlt :.  ifli^lriDigrees 
are  feeium^**firoiR  ill  esimMi^.lA^ 
the  HorizabiipwlMft  toward!  ae.8feaftk    In 

the  Globes  made  now  a-days,  Actft  iMiUbfr^ 
Circle  caJled  the  Hmr  Circle,  filfleil^dalO  tbf' 
Mtridianj  having  the  Pole  for  its  Cmtef»tmi 
little  Circle  is  divided  into  twice  twelte 
that  it  might  be  fitted  to  our  wsy.  of  red 
the  HDurs,  beginning  at  the  McfridiaiL.  ji 
fmcc  fhe  Pbte  carries  the  Index  along  wuk;^ 
the  liidex  will  point  out  the  hoars -OtiCMdW 
to  the  revolution  of  the  GlQbe;.if  it*  JliPKpr 
twelve  a  Clock  of  the  day,  at  the  (ainettililt 
as  the  place  where  the  Sun  is  at  di)ttrttuvl>^. 
under  the  Meridiari^  ***^  r"  ••! 

What  is  commonly  caird  £{  5f^«r«1tt||nrfiDni( 
a  Globe  in  this,  that  its  furfaceis  IjjMmukut 
and  perfect,  as  'tis  in  a  Globe, 'MtMiplRbliilP 
principal  Circles  made  ofArmil!^  or  Hoops  (jfrornR 
whence  it  has  the  name  of  anT  ArmO^Sfiere) 
fiiadoW  out  §,  Spherical  furfade.    In  focb  u 
Sphere,  befides  the  Horizon  and  Meridian,  (be-, 
twe^n  which  being  immovable,  it  is  Tevolvcd* 
like  a  Globe,)  there  ate  foUr  great '  Circles  jf 
namely  the  Equator  and  Ecliptio/ or  rather  Zo-*: 
diac,  (  for  like  a  Bdt  of  Swath,  it  is  20  deg; 
broad  I)  and  the  two  Colufes  and  four  leflet' 
Circles,  vj)&.  the  two  Tropics,  and  as  many  Po^ 
lar  Circles :  And  thus  the  number  of  the  Circled 
of  a  Sphere  came  to  be  reckoned  Teh.    Thi^ 
Sphere  is  lb  excavated,  that  by  its  tranfpareace 
as  it  were,  it  is  a  reprefemation  of  the  Wadd^* 
and  prefents  us  with  the  little  Globe  of  the 
Earth  in  its  Center  at  reft,  and  fufpended  by 
the  Axe,  which  could  not  be  done  fo  well  in  sk 
Globe,  whofe  Superfices  is  intire  and  united. 
f  rom^  what  has  beenfaid,  'tis  evident,  tb^  ill 

air 
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rmillary  Sphere,  the  above  dcfcribed  pla- 
the  Fired  Stars  can't  be  marked  at  allj 
:ing  fonie  few,  thtit  appear  it\  the  Zoditc^ 
ley  likewife  are  commortly  taken  no  no- 
if ;  and  therefore  the  Problems  rel:iting 
lie  Fix'd  Stars  can't  be  fblv'd  by  Tuch  a 
|te.  Tho'  fmce  the  faid  Circles  of  the 
are  delineated  upon  the  furfacc  of  the 
all  the  Problems  that  are  done  by  th© 
lary  Sphere,  may  be  performed  very  ca- 
the  Globe  :  Ahd  therefore  Spheres,  rho' 
it  name  formerly,  when  the  ftudy  of  A- 
IJniy  began  to  revive,  arc  very  feldom  ufed 

fut  to  help  the  imagination  of  the  young. 
thcfc  Armiliary  Spheres  there  are  fome-* 
jiannex'd  the  Planets  m:dc  to  be  immovj«J- 
t  different  Circles,  in  the  order  as  they  are 
|Hed  by  the  Aftronomers  of  the  FtoUwaic^ 
ik^  or  Ccpemican  Sed.  And  therefore  in  tho 
itfic  and  Tycbouic  Sphere,  the  Plahets  are 
id  in  diiTerent  Circles  about  the  Earth  at 
in  the  Plane  of  the  Zodiac,  within  the 
y  chat  reprefent  the  Starry  Heavcrn.     But 
there  is  required  a  Spherical  furface  ( (ha- 
i  out  by  the  hoops)  concentric  with  the 
^to  reprefent  the  Firftor  Diurnal  motion^ 
his  is  movable  in  the  Cafcmican  Spbm  ^ 
ore  die  Makers  do  place  in  ic  the  Planets 
lit  the  hoops  comparing  the  Earth,v^hich 
'able  about  the  imaginary  Sun.  Sometimes 
es.of  this  kind  and  Globes  ^re  m^dc  to  go 
height  or  Spring,  foas  to  imitate  the  riftngi 
[j  and  all  the  Diurnal  motion  of  the  Fix'd 
Sometimes  alfo  the  Planets  perform  thcif 
tionsin  their  proper  time  ;  Put'  things  of 
ture done  belong totliis  place. 
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pRoi»carTiow  XlVr 

TO  Jefcrihe  tb^'T^m/hUi  Glohi  dtit  is  com^ 

TheTerreftml  Globe  does  not  differ  firom  the 
above  defcribed  Celeftial  Globe  but  in  this^  that 
Inftead  of  che  Stars  and  Conftelladons  compo* 
fed  of  them.  Lands  nnd  Seas  are  delineated  up- 
on it.  And  the  Tra^>,  Bays,  Promontories,  and 
other  things  belonging  to  the  Earth,  are  painted 
upon  the  convex  fphcrical  Surface,  in  regard  of 
one  another  and  the  Poles  upon  \phich  che 
Globe  is  turned  in  the  Meridian^  juft  as  the 
Places  rhcmfclves  are  upon  the  Karch,  which 
they  rcprefent,  in  regard  of  one  another  and  the 
Poles  upon  which  the  Earth  really  revolves  by 
the  diurnal  motion.  Thefe  places  of  the  Earth 
thus  imitated  will  really  have  that  (kuadon,  if 
each  of  them  be  transferred  upon  this  little  Earth 
agreeable  to  their  Longitude  and  latitude  by 
Obfervation.  •  The  Equator^atid  its  Secondaries 
or  Meridians  pafling  thro*  every  ren  Degrees, 
arc  alfo  painted  upon  the  Tcrreftrial  Globe;  one 
of  which,  namely  that  which  pnlTcs  chto'  the 
'Ar^tiSf  or  Fortunare  IjltmAs^  is  the  moft  confide* 
rable,  and  called  the  firft  Meridian  ,•  it  being 
that  Meridian  from  which  the  Longitude  of  a 
place  is  reckoned,  ^^  was  faid  above  ;  and  by 
confequence  from  whence  the  numbering  of 
the  degrees  of  the  Equator  towards  -  i>  is 

continued.  The  Parallels  alfo  to  th^  ^^. .  cor, 
namely  the  Polar  Circles  and  Tropics,  and  fcfc- 
rai  orlicrs  ar  tzn  deg.  diftancc  from  c 
together  with  the  Rhumbs  ( in  the  fp..„  .-^i- 
fenting  the  large  and  vaft  Seas)  fiiewtng  the 
Courles  of  Ships  guided  by  the  Mariner's  Coro- 
pnfs  and  Needle,  are  all  drawn  upon  it.  And 
I'hatthe  Terr«ftrial  Globe,  bcfides  its  own  nfe, 

4  might 
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fiipfdy  xhfi  plac«  of  a  Celeftsal  Sphere 
fuch  one  Is  waftdng,)  the  Makers  hive 
an  Ecliptic  to  it*  But  becaufc  this  QVcle 
rely  a  Celcftial  bne^  and  has  no  proper 
I  upon  the  Earth,  therefore  thev'  have  pla-^ 
its  interfeaion  with  the  Tcrrcftrial  Equ2- 
(which  intcrfe<ftionthcy  ttilght  ha»-e  placed 
where;  ac  the  poifit  where  the  fir  ft  MeridiaU 
Ij^  (be  £qus(c6r. 

^^  PROPOSITlO^'   XV. 

\t)  refolw  fe'vaal  FrMcftfi  rtUilng  tb  th  Sitk-, 
I  Mticn  offUcet  of  tht  E»nh  r*  cwr  anothtr^  ^ni 
Dinmal  motion  of  tht  Ssan^  b)  tbt  Gloh^j 
f,  t9fiitu>  the  ehnftfCt  of  hot b  Qlohrs. 
io' the  folurion  oftne  following  Pf6blcirij! 
je  Globes  is  nor  accunirc  ind.  cxadS,  yet  it 
5  very  much  to  form  arid  inftrud  the  rnindtf 
Iniprs;  and  we  fhall  difpatch  them  jn  bno 
Dfitionf. 

id  here  the  Celedial  Globe  h  to  ist  (oo^e^ 
as  the  great  Machine  of  the  World  ftfelf; 
[ID  and  all  the  Stars,  and  whatever  we  fee 
t  concave  Firmament,  are  to  be  concei- 
snponthc  convex  furfacc,  viewUby  art 
)lac'd  without  that  furface :  But  there  i^ 
ccd  of  fuch  a  fidion  \ix  the  Terrefiila! 
X    And  becaufe  the  Globes  are  the  In- 
rcnts  wc  raiakc  ufe  of  in  this  Pro^olkion^ 
arc  to  be  looked  upon  ai  perfcd  j  sJs  fof 
lanner  of  making  them  fo,  we  are  hoc  nOw^ 
quire,  but  to  apply  them  ai  they  are  al- 
made  to  the  folutioii  of  the  following 
ems  and  others  like  cbem. 
To  find  tbt  Lttngitmlt  did  tdttthJe  of  anj  ^i- 
9£n  ftaee  ufon  the  Terrtfiriol  Glckt. 
ng  thcigiven  Place  to  the  Meridian,  f  al- 
uaderftand  that  fide  of  ic  as  is  divided  ihid 
S  2  De- 
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Degrees,  which,  as  we  faid  before,  is  the  true 
Meridian)  and  the  degree  of  the  T^"' '^-'-r,  then 
found  under  the  Meridian,  fhew^  .igitude 

of  the  Place.  For  the  beginning  of  i  eckoning 
thofe  degrees  is  taken  from  the  firft  Meridian  ^ 
Bs  was  faid  before-  Beildes,  reckoft  from  the 
Equator  in  the  Meridian  co  the  given  Place,  tht 
degree^of  Latitude:  For  the  Meridiiin  is  divi^ 
ded  into  four  times  90  degrees,  twb  of  which 
90  begin  to  be  numbered  from  the  Equ^Lor  to- 
wards both  Poles ;  the  reckoning  of  che  c^vo  o* 
chef  90  degrees  begins  frotn  l>oth  Poles,  and 
ends  in  the  Equinodial  under  die  Horizon. 
5^hc  Latitude  is  North  or  South,  according  ai 
the  Place  given  is  co  che  North  or  South  of  \hc 
Equator.  r: 

i.  The  Longitude  and  LdtUuiU  Mftg'  giiftfty  U 
i '  find  the  Plaee  itfslfnpon  the  TerrtfitUl  Globf. 
^  Look  in  the  Equator  for  the  degree  of  the 
given  Longitude  j  'tis  evident  that  the  PhcQ 
Ibnpht  is  i]i  ihe  Meridian  drawn  thro*  thk  point 
taken  in  the  Equator.  Apply  this  point  there- 
fore to  the  divided  Meridian,  and  reckon  the 
degrees  of  the 'Latitude  given  toward  the 
North  Pole,  if  it  be  northern,  or  «owardf 
the  South  Pole,  if  it  be  fouthern,  and  the  point 
at  the  end  of  the  reckoning  will  be.  the  Place 
fcughn 

3.  To  reH'ify  both  tic  Glohu  to  a  fl^btn' LMt^t^Jf^ 
•         togtsber  vixh  tht  ^ladrant  (/  nJ 

w  difpoft  tht  Globes  agreeahlc  /..  — 

UTS  ef  the  World 
%  If  the  Latitude  of  che  Place  given  be  North, 
fee  the  North  Pole  be  raifed  above  the  Horizonj 
if  South,  the  South  Pole,  tin  the  Arc  of  the 
Meridiun  intercepted  between  the  Pole  and  the 
Horizon,  be  of  as  manv  (l^'crref^  'ic  rK,™  f  :»ci- 
'lude  of  the  place  given  ;  (he 

^^  •  ^  tkva 


V)f  the  Pole  is  Hn  Arc  fimtlar  to  the 
of  the  place  ;  tha^  is,  containing  as 
degrees.    From  whence  'tis  evident  to 
jhc   what  Stan  always  appear;   namely, 
'as  u^on  the  turning  of  the  Globe  quite 
8,  don't  ^isfcend  below '  the  Horizon  :  ^ 
What  on  the  contraryj  never  appear.  Then 
pate  from  the  Eqtiator  in  the  Meridian  up- 
%  the  degrees   of  the  Latitude  given,  and 
►inc  where  the  reckoning  ends,  fliajl  be 
^errex  of  the  given  Place :  (For  the  height 
Pole  is  equal  to  the  diftance  of  the  Equa- 
\m  the  Vertex ;  llnce  the  lame  Arc,  name- 
diftance  of  the  Pole  from  the  Vertex  fj 
>mplemem  ol  bothto  90  dcg. :  )  Fix  the 
Irantof  Altitude  by  means  of  the  Screw,  to 
[ertex  tKtfe  found^  fo'  as   that  its  divided 
.  C  which  ferve?  inftead  of  a  Quadrant,) 
proceed -is  it  were  fi-om  tiicnce.     LafUyj 
lehelp  ipf  the  Mariners  Compafs  fix*d  to 
ot  "of  the  Globe,  let  the  Right  line' that 
e  commort  Se<5tioa  of,  the  planes  of  the 
»fi  and' Meridian. be  placed  in  the  iVlcrJ-i 
line,  fo  as  that  the  elevated  Pole  of  tfi8 
may  look  towards  the  elevated  Pole^of 
/orW,      For  we  fuppofc  the  Magnetic 
tf  ro  be  dire<9«d  along  the  Meridian  Inie  ^ 
(t,  that  its  declinatioh  ( that  hinders  it  )  is 
1.     By  this  means,  the  Meridian  of  the 
will  coincide  with  the  Meridian  <if  the 
;  and  its  other  points  with  the  correfpon- 
joints  of  the  Place.    But  fuch  an  Hori- 
»ttlane    mutt   be  pitched  upon  for  the 
P^ftand  upon,  as  will  make  the  Hori/.on 
Globe  to  be  parallel  to  the  Horizon  of 
[C,  as  it  ought  to  be. 
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4.  7i?  fnd  the  Digr0a  in  tbt  Eclifth  rbat  tht  Sun 

is  in  at  any  given  tme,  bj  the  htlf  iff  the  Cd- 
Undar  and  Circle  cf  Signs  drawn  Mfcn  the  fur '^ 
face  cf  the  fi&rix/m,  and  by    that  to  ajfignitr^ 
Place  in  the  Ecliptic  itfeff 
took  into  the  Calendar  for  the  Month  and 
J5ay  propofed,  and  oppofirc  co  ic  you  will  find 
the  Sign  and  degree  thereof^that  the  Sun  is  then 
in.  Then  in  the  Ecliptic  drawn  upon  the  Globe, 
look  for  that  Sign  or  the  degree  of  it,  4nd  thac 
will  be  the  Place  of  the  Sun  fought.    If  you 
would  be  more  exad,  you  niuft  gee  the  Place 
pf  cheSun,  the  hplp  of  an  EphemerideSj^nd  find 
that  out,  in  the  Ecliptic  drawn  upon  the  Globe. 
After  the  fame  manner  may  t\ip  Pla^s  of  the 
Planets  found  by  fuch  Ephemerides,  be  marMA 
upon  the  furface  of  the  Globe  ;  by  feeking  wK{ 
ihc  Longitude  of  the  Planet  in  theEcUpcic,and 
by  protraAion  its  Latitude  from  the  EcUpttcj 
cither  way,  by  the  help  of  a  pair  of  CoHipafTesll 
To  find  the  degree  in  the  Ecliptic  thcSttnisj 
in  pretty  nearly  at  a  given  time,  you  need  onV 
1y  to  know  what  Day  of  each  Month  the  Su4 
enters  a  Sign  of  the  Ecliptjc,  and  cotripute  end 
degree  for  every  Day  from  thenoe.    For  th^ 
purpofe  there  arc  fomc  memorial  Verfes  coni^ 
pofed,  which  may  be  feen  in  the  Writers  of  thCL 
Dodlrine  of  the  Sphere.  i 

J.  To  find  the  right  ^fceafion  and  Dulinatisn  pA 
the  SuTfy  or  Star^  or    any  giv<n   Feint ;  amm 
,    fonfc^tfcntly  to  find  the  Tsme  rftht  Ck/w/jmt/ot 
of^  gsvetf  Star  &r  Point.  •}  i 

The  right  Afcenfion  of  the  Sun  pr  any  poind 
upon  the  Cekftja!  Globe,  is  fpond  after  chq 
fame  manner  as  the  Longitude  and  Latitude  ojj 
a  plice  on  rhe  Tcrreftrial  Globe  ;  (by  PrrW,  f  J 
Por  the  right  Afcenfion  and  Declination  in  rhg 
•  Celeftial^  is  all  one  wich  the  Longitudo  andi 
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B  the  Tcrreflrial  Globe.  Befide*,  ha- 
yght  the  l*bcc  of  the  Sun  en  the  Mcrl- 

ing  the  Index  to  twelve  a  Clock,  (  wc 
c  rvtfelve  a  Clock  when  the  Sun  is  in 
idian,)  and  turn  the  Globe  round  tilt 

or  given  Point  con>es  to  ailminare. 

Index  fliews  the  hour,  when  thar  will 
But  bccaufe  the  Hour  Circle  is  too 
le  part  of  an  hour  can*t  be  callly  diftin- 
n  it :  To  be  more  cxad,  you  muft  do 
caufe  the  intire  Equator  (together  with 
r>  portion  of  ir,  corrcfponding  to  the 
notion  of  the  ."^un  during  that  cime)paC. 
Meridian  in  the  Ipaceof  a  natural  day  ^ 
snt  that  a  24th  part  of  the  tquacor,  or 
sail  the  Meridian  in  onehour^and  one 
tar  Seconds  of  time,  and  fo  on.  If  there- 
Ke  right  Alcenlion  of  a  Star,  you  take 
^ght  Afcenfion  of  the  Sun,  you  wUl 
tporcionof  the  Equator  which  paflcsthe 
1,  in  the  time  between  one  culminatl- 
c  Sun  and  the  next  following  culmina- 
he  Star :  If  inftead  of  that,  you  cake  the 
tSzTy  for  the  paffage  of  the  faid  Arc  of 
ifltor  by  the  Meridian,  fallowing  an 

fifteen  degrees,  and  four  minutes  for 
reCj  as  was  faid  before^  which  Opera- 
died  rhe  Converting  an  Arc  of  the  Equator 
r;)  you  will  have  the  time  of  the  Cul- 
I  of  chat  Star  from  Noon.  Put  if  the 
cenfion  of  the  Star'be  leflcr  th^nths 
fcenfion  of  the  Sun,  fo  that  the  latter 

Subcracled  from  the  former,  you  muft' 
:  a  wliole  Circle  or  560  degrees. 
S  P/*;«  of  ihe  Sun  cr  tiny  Star  being  gl'Ve?7y 
9<l  its  OyiifjucAfctJifim  or  Defcfvfion^  wj  al- 
)s  Eafiertf  nyid  Weficrv  Antplttude, 

■the  given  Place  of  the  Sua  or  Star  «> 
S  4  the 
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die  Eafterft  part  of  the  Horizon,  (  having  re- 
dified  the  Globe  for  the  Latitude  of  the  Place, 
by  Froh, ;. )  and  mark  the  degree,  of  the  Equator 
tljat  afcends  with  it :  For  the  Arc  of  the  Equa- 
tor, intercepted  between  che  beginning  of  Aries 
and  the  Point  thus  marked  (expreffed  by  tbc 
number  annexed  to  the  point)  is  the  Oblique 
ATcenlion  of  the  bun  or  Star  it  felf.     And  the 
Arc  intercepted  in  the  Horizon  between  thp 
Ea(t  (that  is,  the  incevfcftion  of  theEqui 
and  Horizon)  and  the  Place  of  the  Sun  or 
is  the  Eaftern  Amplitude  of  that  heavenly  Body, 
If  you  bring  the  fame  Place  of  the  Sun  or  Srar 
to  chc  VVellern  part  of  the  Horizon  ,  the  degree 
of  the  Equator  then  defccnding,  will  be  the  Ob^ 
iique  Defcenfion  ;  and  the  Arc  of  the  Horizon, 
intercepted  between  the  Weftern  point  of  the 
Horizon,  and  the  fetting  Celeftial  Body  will 
fac.it>  Weftern  or  fetting  Amplicudc. 
:;:! .  ,7.  Tic  right  and  ohlique  Afcenfion  <f$hc  Sun,  cr  & 
Sf-^y  being  gt*vtn,  to  find  half  the  timtaflst  con-- 
riff  nance  above  or  below  the  Horizon  j  aad  if  it 
^u*      he  the  Sun,  wiofe  Afcenfions  are  gi'venyt^  Jeter^ 
i :       in'im  the  Length  of  the  D^ty  and  Nighty  and  the 
txu       hour  of  the  Rifng  £nd  Setting  of  the  Sitn  ;  but 
-.L       ifU  ie  a  Stpr,  to  find  the  hour  of  in  Rifngor 
-t      •  Settlngy  by  the  time  of  its  C   '    '       ■'«  heivg  gp- 
%  •        1/tfM  :  Ah'd  on  the  fontr^ry^  it^oft/j^Suu 

apd  Length  ofthePaj  bcinggivtn^  to  determmM 
3,  ;      tlH-PLiCts  on  the  Earth  to  x>hom  thry  a^ree, 
-•If  you  fix  the  Index  to  twelve  a  Cloqk  when 
the  Sun'i  place  is  under  the  Meridian,  and  mrn 
,^jii.<;Globe  backwards  till  the  5"n-  r'-r-  ;-    t  ^^e 
Eaflcrnpart  of  the  Hori;ton,  u.  _  cill 

yoa  the  Hour  of  Sun-rife;  and  if  the  Place  of 
the  Spn  be  brcLght  to  the  Weftern  part  of  tbc 
Horizon,  the  Index  vvilj  p&inc  out  the  Hour  of 
fits  fetting  jr  the  ffipae  Jnd^x  will  likcwilg  ftiew 
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Llniiiiating,  Rifing  or  Setting  of  the  givea 
when  the  Star  marked  on  the  Globe  comes 
Meridian,Eaftcrn  or  Wcftcrn  part  of  thj 
ion:  For  in  all  thefe  inftancesNartire  itfdf 
icaccd.  And  the  Hour  of  the  rifing  or  fct* 
t  of  the  Sun  or  Star  being  known,  the  conti* 
pee  of  chem  above  or  below  the  Horizon  is 
-evident.         *  ■  'm 

fo  find  the  fame  more  exaftly  by  computa- 
without  the  Globe,  the  Afcenfton^  being 
I,  do  thus:  Lee  the  Afcenfional  Difference 
tnverted  into  time,  and  the  addition  of  it 
hours,  if  the  Celcftial  Body  decline,  from 
equator  towards  the  Pole  chat  is  elevated, 
ic  fubcradion  of  it  from  fix  hours,  if  it  de- 
^  cowards  the  Pole  that  is  deprelTed  will 
t  half  the  continuance  of  that  Celeftial  Body 
r^thc  Horizon  :  And  this  added  to  the  time 
IP  Culminating  will  give  the  Hour  of  its 
|ng,  fubtraded  from  it  will  give  the  Hour 
p  Rifinc.  And  conlequently  its  whole  con- 
oncc  wove  the  Horizon,  (which  is  the 
jgth  of  the  Day,  if  the  Celeftial  Body  bcche 
^  will  be  given,  which  fubtraded  from  24 
r5,gives  itscontinuance  below  the  Horizon. 
If  the  Place  be  required  where  the  Day  is 
k given  Length,  when  the  Sun  is  in  a  given 
}t  in  the  Ecliptic ;  bring  the  Place  of  the 
L  to  the  Meridian,  and  the  Index  to  twelve 
lock  ;  turntlie  Globe  till  the  Index  (how  the 
{prof  the  Rifing  or  Settingof  the  Sun  agree- 
s  to  the  given  Length  of  the  Day  ;  then  ele- 
ng  or  deprefling  the  Pole,  let  the  Globe  be 
aght  to  luch  a  fituation  its  the  Sun  s  placs 
f  be  in  the  Horizon  when  the  Index  is  at 
faldhour;  for  in  this  cafe,  the  Globe  is  ii 
^fituacion,  wherein  the  Sun  being  in  a  gi- 
«poi^t  of  the  Ecliptic,  maJics  the  Day  of  tbf 
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given  Length.  Therefore  all  rhe  Places  of  the 
£arth,  whofc  Ladrudc  is  equal  co  the  height  of 
the  Pole  of  the  Globe  in  this  pofirion,  will  an- 
iwer  the  queftion.  And  if  the  given  Place  of 
the  Sun  be  in  the  Tropic  towards  the  vifible 
Pole;  (  that  ifi,  if  the  Place  be  required  whofe 
longeft  day  is  a  given  lengthj  this  Problem 
willferve  co  diftinguifh  the  Parallels  and  Qi 
<nates. 

8.  TIh  LatitttJe  and  Smf  phc0  being  gi'verj ^ 
befidat  tJHj  cne  of  tbife  tbret^  namely  tbt 
tfth^  day,  tht  AUitudt  cf  fhe  Cele^lal 
and  the  AzAmutb  of  the  fame  (^  g^^^^^y  to  fmd 
the  other  two* 

R  edify  the  Globe  for  the  Latitude  of  the 
Place  given,  by  Fmb,  5  ;  bring  the  Swn'i  |ifooe 
to  the  Meridian,  and  die  Index  to  twelve  a 
Clock  'y  then  if  the  Hour  be  givto,  turn  the 
Globe  about,  till  the  Index  point  at  i' 
or  move  it  accurately,  till  as  many 
grecs  of  the  Equator  pafs  the  Mtridiar 
or  backwards,  as  there  arc  H<  '^ 
Noon  ;  and  if  the  given  Hol 
for  each  four  minutes,  make  one  d^ee  pafs 
by  the  Meridian.  Fixing  the  Globe  1  '* '  ]>6- 
fition,  let  the  Altitude  and  Azimuth  >  un 

or  Star,  be  racafured  by  the  Quadrant  of  Aid* 
tude  firil  fixed  to  tiie  Zenith  :  Ninmely  th-    * ' 
titude  in  the  Quadrant,    reckoning    ui 
from  the  Horizon  ;  but  the  Azimuth  in  tii 
rizon  from  South  or  North  point  to  the  mi^i- 
fedion  of  the  Quadrant  with  the  Horiaon.    If 
the  Altitude  of  the  Sun  or  Star  be  givcn,ti 
Globe  about  till  the  Star  arrive  "^   rhr       _„ 
Altitude,  (which  may  eaiily  be  Axe 

Quadrant  of  Alritude,  )  and  the  foot  of-tt|l 
Quadrant  will  fliew  the  Azimuth,  and  the ^0- 
dex  the  Hour.     When  the  Azimuth  fe  given, 

bring 
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cbe  foot  of  the  Quadrant  to  the  Azimuth 
and  turn  the  Globe  till  the  given  Scar 

to  the  edge  of  the  Qnadrartt,  and  imme- 
the  Ahirade  is  known,  being  reckoned 

the  Quadrant^  and  the  Hour  by  the  In* 
I:  Unlcfs  it  be  betrer  to  find  it  by  the  ntMk^ 
fof  degrees  of  the  Equatofj  that  have  pafi^d 
''  Meridian^  iince  the  Sun  wa$  upon  it.  By 
hirs  we  here  underftand  EquinocHal  ones 
kon'd  from  Noon  to  Midnighc,  tho  they  may 
eaflly  reduced  to  Italic  or  Bakyhnk  Hours,  by 

ffig  (  by  prcced.  Frob.)  the  Hour  of  the  ri- 
or  the  fetting  of  the  San,  from  whence 
(being  likewife  £quinO(^ials)  are  reckoned^ 
an  eafy  matter  alfo  to  reduce  any  given 
6noAialhour,reckoncd  from  any  beginnings 
"i  unequal  or  Planetary  hour,  by  the  length 
le  day.  And  if  the  place*  ot  the  Planets 
id  for  that  time  by  the  help  of  an  Ephemc- 
)  be  mark'd  upon  the  (lirfacc  of  the  Globe, 
Conftellations  and  Planets  may  be  eafily 
and  diftinguiftied  in  the  Heavens  by  the 
jbe,  if  reftii)ed  to  the  hour  of  the  Night,  and 
jiclear  ferene  night  be  compared  with  the 
N>f  the  Heavens,  and  tum*d  about  grado- 
[as  the  night  paiTes^  to  keep  the  fame  (itua- 
\  with  the  Heavens, 
\  7i  fni  fbe  time  when  a  Ftiid  Star  rifts  crfsts 

Qfmically  tfr  Achronically* 
(ring  the  given  Srar  to  the  Eaftern  part  of  the 
nzon,  and  mark  che  point  of  the  Ecliptic  that 
\  wich  it  J  the  rime  when  the  Sttn  is  in  that 
llt(which  you  may  eafily  find  upon  theHori- 
rof  the  Globe  by  the  Circle  of  Signs  and  Ihe 
SndaranncxMj  i<;  the  time  of  the  Cofmidal 
Ig  of  that  Star  :  But  if  che  time  of  (he  Cof- 
al  fetting  were  required,  mark  in  the  Globe 
point  oicfae Ecliptic  riling  when  the  given 
^  Scar 
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Star  comci  to  the  Weft  part  of  the  Horizon, 
and  the  time  wherein  rhe  :5un  enters  that  point, 
is  the  Time  fought.    To  find  the  Achronica! 
Rifingy  mark  that  point  of  the  Ecliptic  which 
fcts  when  rhe  Star  rifes,  and  the  Time  wherein 
the  Sun  pafTcs  that  point,  is  the  Time  fofight. 
And  if  that  point  of  the  Ecliptic  be  taken  no- 
tice of,  that  comes  to  the  Weflcrn  part  of  the 
Horizon  together  with  the  Star,  that  day  tho 
Sun  is  in  that  Degree,  th^  Star  fets  Achroni- 
cally.    And  this  is  fufficient,  if  by  the  Cof- 
mical  and  Achronical  Riftng  and  Setting  be  un- 
derftood  Morning  and  Evening  rifing  and  fec- 
cing,  35  it  commonly  docs.    But  if  the  Cofmi- 
cal  rifing  andfecting  (as  KepUr  would  hav^c  k) 
fignify  the  fame  as  its  afcent  above  the  Hori- 
zon.of  a  given  place,  and  defcent  hdow  ir^ 
then  this  happens  daily  ( if  at  all )  to  any  Fk*a 
Scar,  the  time  of  which  is  found  by   Prcl^.  7. 
And  the  AcbronipaJ  Rifmg  of  a  Star  (which  ac- 
wrding  to  the  fame  Author,  figniBes  a  Star^f 
rhing  when  the  Sun  fets)  will  be  the  fame^  and 
f<?und  after  the  fame  way  as  the  former  r  Rut 
the  Acluonical  fetring  comes  to  the  fame  thin^ 
with  the  Cofmical  Rifing  in  the  common  fenfi 

l^lQ'  To  find  the  tlme^  -when  ij  p-J-z-n.   f'lxd  V- 
rifes  or  fcts  tidlaeally, 

"Since  all  the  Fix*d  Scars  rile  i-ieiijc:iiiy  m 
Morning,  and  fct  in  an  Evenine,  to  find  rhe 
time  when  a  given  Fix'd  Star  <f- 
the  firft  Magnitude.)  rifes  Heliacaily,  insi  pome 
of  the  Ecliptic  is  to  be  found,  which  is  12'^  be- 
low the  Eaftern  part  of  the  Horizon  when  thm 
Scar  \\i^  :  Tor  when  the  Sun  is  in  that  point  of 
the  Ecliptic,  he  is  depreflfed  below  the  Hori-^ 
zon,  Juft  as  much  as  is  requiL'ed,that  il 
may  be  vifible  when  it  isjuft  cor—  u^ 

Hoiizion.    To  fmd  this  by  die  -      ...  .  mg 

tlic 
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to  the  Eaftcrn  part  of  the  Horiion, 

id  with  the  Quadranc  of  Altirudc  thac 
of  the  Ecliptic  which  is  elevated  12  de- 
abovethe  Weftern  pare  of  the  Horizon: 
point  oppofite  to  chis  U  the  point  fought, 
one  deprefs*d   12  deg.  below  the  Eaftern 
of  the    Horizon  :    That   day    therefore 
srein  the  Sun  poffelTes  that  point  of  the  E- 
itic  (which  may  be  cafily  found  in  tlieCalcn- 
tnnex'd  co  the  Circle  of  Signs  in  the  Hori- 
f  theGlobe)thc  faidStar  of  chcfirftMagni- 
rifes  HeHacally.    If  the  Star  be  of  the  ft- 
magnitudc,  a  point  of  the  Ecliptic  maft 
mnd,  thac  is  deprefled  thirteen  degrees  be-r 
/the  Horizon,  when  the  Star  is  juft  at  it ;  If 
|e  third j  14  degrees,and  fo  on  ;  as  is  evident 
1  Prop,  9.    If  the  time  of  the  Heliacal  fet* 
'^of  a  given  Star  of  the  ftrft  Magnitude  be 
lircd,  bring  the  Star  to  the  Weftern  pare  of 
Horizon,  find  as  before,  that  point  of  the 
ptic  which  at  that  time  is  elevated  12  de- 
(  above  the  Eaftern  part  of  the  Horizon, 
fche  point  oppofrte  to  it  (namely  chat  which 
preffcdas  many  degrees  below  the  Weftern 
!of  the  Horizon)  is  the  Sun's  place  in  the 
ptic,  when  the  laid  Scar  fets  HeHacally; 
r  the  like  manner  you  may  find  the  Placa 
it  Sun  in  the  Ecliptic  for  any  given  time 
when  a  given  Fix'd  Scar  did  at  that  time 
or  fee  Heliacally ;  and  confequently  the 
s  anciently   defcribed  and  marked  out  by 
Vriters  of  Husbandry  and  Medicine,  may 
ompared  with  ours :  For  inftead  of  a  given 
as  it  is  painted  upon  the  Globes,  you  are 
ake  ufe  of  that  place  of  it,  in  which  it  was, 
lac  Age;  Icffcning  the   Longitude  ofth(" 
One  degree  and  a  third  part  for  every  Age 
the  given,  but  keeping  the  fame  Latitude/ 
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Xt*  To  i4t€rmini  the  hginftiffg  sf  tht  Meming 
and  end  cf  the  Evening  Twilight  for  any  time 
git/tn^ 
Redify  the  Globe  for  the  Latitude  of  the 
Place,  (which  is  fuppofed  in  chs$  and  all  che  pre^^ 
Ceding  Propontiooi  to  be  given,)brtng  the  Place 
of  the  Sun  ac  the  time  givett  to  the  Meridiaii^ 
and  the  Index  co  twelve  a  Clock;  then  turn  the 
Globe  about  towards  the  £a{l,tilhhe  point  of  the 
Ecliptic  oppoTue  to  the  Sun's  place,  be  dera- 
ted 1 8  degrees  above  the  Weftern  part  of  the 
Horizon,  in  which  cafe  the  Stin  idel£  is  de< 
Iweffcd  as  many  degrees  below  cheEaftern  part 
of  the  Horizon  ^  and  therefore  fby  Trop,  B.)  the 
Morning  Twilight  is  beginning  :  and  the  tioje 
of  it  fiicwn  by  the  Index.  But  'tis  better  to 
turn  the  Arc  of  the  Equacor,  that  pafles  the 
Meridian,  (while  the  Globe  is  moved  about  in- 
to tliis  ficuation  from  that  which  it  had  when 
the  Sun's  place  was  at  the  Meridian,)  into  time^ 
to  he  fubcraded  from  12  hours^  for  finding  the 
Time  of  the  beginning  of  the  MdmiDg  Twi^ 
light.  After  the  (ame  manner  the  end  of  the 
Evening  Twilight  is  found,  by  ttutiing  the 
Globe  abotit  til]  the  point  oppofite  to  the  Sun'* 
place  be  elevated  18  degrees  above  theEaftern 
fart  of  the  Horizon^  &(. 

12.  Tojind  the  Difiance  <fs»Jf  tiV^  TUca  en  riit 
Earth,  that   are  given,  ss  alji  tbt   AngUjf 
Tofitim  J  or  th/tt   ivhicb  a  grtat  Circle  pa  " 
tbro  ibtgi'utn  fUctt,  waht  7i*itb  she  // 
oftitifrcftbcm, 
I'he  neareit  diftancc  of  any  two  Placs5,w 
15  always  to  be  computed  in  a  great  Circle^ 
found  by  taking  their  diiiance  as  chey  are  drawif 
upon  the  Globe;  (by  a  pair  of  Compalfes  form'cl 
for  that  purpofejand  applying  that  interval  t 
the  Equinodial  or  firft  Meridian,  to  know  th 
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of  degrees  between  the  cwo  Places  ; 
;ko&ing  for  every  Degree,  60  Engiijk  or 
tan  Miles.    For  the  magnitude  olthe 
fuch,  that  a  degree  of  a  great  Circle 
ibed  upon  its  furface,  is  nearly  6oEng!iJb 
G  erf  nan  Miles. 

find  the  Angle  of  Pofirion,  the  Globe 
fc  be  tnrn'd  about  cill  the  firft  of  the  two 
ibs  becomes  Venical/which  it  will  be,  when 
Etrcs  at  the  Meridian  of  theGlobe,beiflg  re« 
pd  for  the  Latitude  of  that  Place ; )  then 
p  the  Quadrant  of  Altitude  faiten'd  to  the 
tXy  and  confcquently  to  the  fiHt  Place,  till 
Bch  the  lecond  Place  ;  and  the  Arc  of  the 
^on  intercepted  between  the  Meridian  and 
rant  of  Altitude,  will  be  the  meafurc  of 
igle  of  Pofition  between  the  Meridian  of 
rft  Place  and  the  Great  circle  (namely  the 
^\fiidrant)paffing  through  the  cwo  Places^ 
ife  the  Zenith  is  the  Pole  of  the  Horizon. 

Rrc  of  the  Quadrant  intercepted  between 
ro  giren  Places  converted  into  miles^ 
lout  the  help  of  the  Compaflcs  ufed  above) 
give  the  diftance  of  the  Places.  Bat  if^ 
ting  the  former  Pra:cis,thc  Angle  be  found, 
ftie  fame  Circle  paffing  thro'  the  two  Pla- 
hakes  with  any  number  of  intermediate 
dians ;  { paffing  thro'  for  inftance^  the  (e- 
r  Agrees  of  the  Equator ;  )  the  Rhumbs 
M  determined^  along  which  you  are  to  fail 
» intermediate  Places  fituated  in  the  faid 
lians,  if  you  would  fail  nearly  in  anArc  of 
ir  Circle  ( that  is,  the  fhortcft  way  )  thro' 
Places. 

Gi'ven  the  Hour  of  the  day  according  to  tht 
ecloning  of  one  given  FUct,  to  fatd  the  How 
't  that  time  in  another  gi'ven  Place ;  and  to  find 

Lre  a  given  Hottr  is  reckon  d^ 
Bring 
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,  Bring  the  Place  to  the  Meridian,  and  dim 
Index  to  ihc  given  Hour  according  co  chc  reo- 

Iconing  of  that  Place,  then  turn  che  Globe  a 
bouc  till  the  other  given  Place  comes  co  th 

Meridian ,  and  the  Index  will  point  at  (b< 

Hour  fought.  For  the  fecond  cafe,  bring  th 
Meridian  and  the  Index  co  the  given  Hour,  as 
before  ;  then  tufn  the  Globe  all  the  Index  point 
at  the  other  gi^en  Hcar^  and  all  che  Places 
then  under  the  Meridian  will  reckon  or  havo 
the  given  Hour  of  the  day. 

If  you  art  for  calculating  it,  you  will  find  it 
more  accurately.  If  the  two  given  Places  ar^ 
under  the  fame  Meridian^  or  have  the  fame 
Longitude,  they  will  alfo  reckon  the  fame  Hour 
from  Noon  or  Midnight ;  Buc  if  their  Longi- 
tudes differ,  che  difference  of  their  Longitudes 
found  by  che  Globe  and  turnd  into  Time,  gives 
the  diftance  of  the  Hours  in  ihofe  Places  tec- 
koned  at  the  fame  moment,  fo  as  that  the  Place 
"which  is  towards  the  Eaft  reckons  the  gre^icef 
of  thofe  two  Hours.  In  the  latter  cafe,  where 
the  difference  of  dme  is  given,  let  it  be  con- 
verted into  an  Arc  of  the  Equator :  Aiid  this 
Arc  will  be  che  difference  of  the  Longitude, 
which  being  added  to  the  Longitude  of  che  gi* 
ven  Place,  if  it  reckons  che  former  Hour,  or 
fubduded  from  ir,if  the  latter,  will  give  the  Lon- 
gitude foughc;  and  all  the  Ptacc*  of  the  Earth 
under  the  Meridian  having  that  Longitude, 
will  anfwer  the  Queftion.  Whai  is  htre  did  of 
our  Hours  reckoned  from  Noon  or  Midnight, 
may  eafily  be  applied  to  Italic  ox  Eakjlcnic^  or 
even  Planetary  Hours,  by  reduceing  them  ;  a« 
•vas  Ihewn  in  freb.  8. 
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TofnJ  the  Place  'Hjbere  the  Sun  h  ^frtttitat 

gi'Vtn  tif^e  ^  and  aJl  the  PLces  •wltft  the  Stm 

rf  rb.it  rimi  affeafs  in  tbeir  Horizofp  HJIng  or 

Lving  reftified  the  Tcrrcftrial  Globe  for  the 
de  of  your  Place  find  the  Cardinal  points 
He  World^  turn  ihe  Globe  ^bout  til!    thaf 
se  become  verricalj  and  Ice  the  Globe  in 
feofition  be  expofcd  to  the  Beams  of  the. 
|f(  by  rcinoving  the  Horizon,  that  bifnier? 
"i^iys  of  the  Sun  J  and  at  one  view  it  \ 

what  places  of  the  Earth  it  is  Day,  .i;:u 
it  fsMighrj  where  the  Sirn  is  rifinu  :tfi'I 
ir  is  fetfing.    For  fmce  the  Globe  and 
it  feif  arc  finiilar  in  Figure  and  fimitnily 
dj  they    will  be  fimilarly  enli^hrene^l  by 
III,  whofe  immenfe  dirtanCe  may  be  look- 
Ion  as  infinite.    That  Place,   which  is  th^ 
Df  the  Circle,  marked  out  by  the  confines 
^he-md  Shade,  is  the  PI  '    re  the  ?i\^n 

^cal,  and  may  be  detcrm;;. ..  ...wi;h;!nicaHy, 

feking  the  place,  where  the'  Shadow  of  a 

credcd  perpendicularly  upon  the  Surface 

£  Globe  vanjlhes,  or  falls  upon  the  F;  oC 

J^Stylc  it  felf.    If  the  fame  chihgs  be  rCr 

I  when  the  Sun  does  not  fhine,  find  (by 

i  Prob.  )    the  Meridian   of   the  Pisces 

I  It  is  then  Noon,  and  in  this  Merldigtf 

lat  place  of  the  Earth,  whofe  Latitude  tcJ- 

the  f-mie  Pole  is  the  fame  with  the  Sun's 

ation  at  that  time;  and  thst  is  the  place 

the  Sun  is  vertical,    and  if  5c  be  riiade 

il,  the  Horizon  will  fhow  the  confines  of 

and  Shade^  or  all   the  places  where  the 

ipears  in  the  Horizon  ;  ard  then  'tis  eafy 

nguifti  the  Place?  where  he  is  rifing,  from 

ces  where  he  is  fetiing. 
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If^.Jo  fP^ht  an  Hjrixjontal  IH4I  fir   a  given 
Plfice  bj  she  fi^Jf  of  a  Gkhe.        ^ 

Re<ftify  the  Globe  (as  before)  for  the  Lati-i 
tude  of  the  Phce  and  the  Cardinal  points  of. 
the  World  :  If  btftdes  the  MeiidiaOj  there  were, 
eleven  other  Hour  Circles  (  cbac  is,  24  Hour 
Semicircles)  iinmovable ,  {landing  v*' 
the  Globe,  and  the  whole  Globe,  befiJ.. 
Arc  about  which  ic  revolves,  were  pellucid 
'cis  evident  that  the  Sun  placed  in  the  Meridian 
would  caft  the  fliadow  of  the  Axe  upon  ^ic  o-. 
Cher  half  of  rhoMciidian,  and  plac^  in  t)ifr 
One  a  Clock  Hour  Circle  after  Noon,  would 
caft  the  fliadow  of  the  opakc  A^cis  upon  the 
One  a  Clock  at  Night  Hour  Circle,  or  thc^ 
other  half  of  the  fame  Meridian  beyond  die 
Poles,  and  fo  on  in  the  other  Hour  Circles 
If  belides  all  this,  you  imagine  an  Horizontal 
Plane  (hewing  the  fliadow  of  the  Axe  cill  up 
on  i:  by  Retiexion,  when  the  Sun  is  in  ths 
Meridian,  the  fliadow  of  the  Axi^  proj^t^ed  up 
on  the  horizontal  Plane,will  bein  r*  -r  -o-*^  *'rh, 
common  fedtion  of  the  Meridi^i-  on 

which  is  beyond  iheCenter^  that  is,iji 
connecting  the  Center  with  the  inccM'-viiMj 
iJie  Merioian  and  Horizon :  VS'ben  the  S 
come  to  the  One  a  Clock  Circle,  the  fli 
of  the  cpake  Axis  projedcd  upc^  ^'^'^  1-"  • 
taj  Plane^  will  be  that  pare  of 
dion    of  the  One  a  Clock  H^  ur  Circle 
the  Horizontal  Plane,  that  lies  beyond  the 
ter,  or  which  connects  the  Center  with 
common  interfei^ion  of  the  One         ' 
^Jight   Hour    Circle;  and  which  u^- 
fore  contain  with  the  Meridian  or  T^ 
Clock  line,  an  Angle,  that  is  iv 

Arc  of  the  Honzon,  which  is  1.. ,; 

twccn  the  Meridian  and  One  a  Clock 
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or  Midnight.     And  after  the  Cixne 
the  Sun,  when  it  is    at    the  Two  a 

Circle  after  Noon,  caft  the  fhadow  of 
:e  upon  the  Horizontal  Plane  in  a  Right 
inneding  the  Center  and  interfedion  of 
o  a  Clock  ac  Night  Hour  Circle  and 
Ion ;  which  therefore  makes  with  the  Me- 
line  an  Angle,  that  is  meafared   by  an 
>f  the  Horizon  intercepted   between  the 
tn  and  the  two  a  clock  Circle:  and  af^ 
fame  manner  in  the  other  Hour  lines 
le  Horizontal  plane,  every  one  of  them 
tn  Angle  wich  ihc  Meridian,  which  is 
:dby  an  Arc  of  the  Horizon  intercept- 
reen  the  Meridian  and  Hour  Circle  it 
to.    That  a  San-Dial  therefore  may  be 
upon  an  Horizontal  Plane,  upon  any 
js  a  Center,  let  a  Circle  be  defcribcd  re- 
line  the  Horizon  of  the  Globe,  (for  the 
[Otic  reprefencs  the  Center  of  the  Earth, 
£  prefenc  cafe,  the  Center  of  the  World : ) 
ihe  Center  draw  a  Meiidian  line;  that 
that  being  produced  would  reach  to  the 
li  Points  of  North  and  South,  and  upon 
jiter  ercift  an  opake  Right  line  reprefent- 
Axc  of  the  World,  tending  to  the  Pole  ; 
fo  as  in  the  plane  of  tlie  Meridian  to 
a  Angle  with  the  Meridian  line  equaU 
^ngle  of  the  Elevation  of  the  Pole  above 
izoa  of  the  place.     Then  lee  the  one  a 
ioe  after  Noon  be  drawn  from  the  Ccn- 
ie  Circle  on  the  Eaftern  fide  of  the  Me- 
ne  making  an  Angle  with  it,  ipeafured 
ire  of  the  Horizon  intercepted  between 
idian  and  OneaClock  Hour  Circle.  But 
the  Hour  Circles  are  not  to  be  founij 
^,  let  fome  certain  Secondary  (for  in- 
fle  of  the  Colures)  be  pitched  upon^and 
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^tCT  die  Globe  be  fo  placed,   tliac'tlus  alTumei 
'5et6hcl;iiy  may  ht  ihftead  of  chc  firft  Hoi 
"  .irclc;  thah,   thac'iy  degrees  may  be  intei 
.ccpced  becwten  the  fix'd  Meridian  and  this  al 
[Turned  one ;  then  Ice  the   degrees  intcrccpa 
becwvcn  this  affumed  one  and   the  fix'd  Merl 
dlan,:  be  reckoned  in  the  Horizon.     Turn 
Globe  then,  rill  the  aflumed  Secondary  of  tl 
Equator  come  to  be'in  the  place  of  the  Two 
Clock  Circ'.e  in  the  Afternoon  ;  that  is»  till  ji 
degrees  of  the 'Eqa;^tor  be  between  k  and  ch< 
fix'd'Meridianj  nnd  the  dtprees  6f  the  HoriZoJ 
intercepted  between  the  Meridian  and  the 
cle  aflumed  thus  poiitcd,  being  numbered  ;  I( 
lines  be  drawn  co  the  iiaftcrn  fide  of  it  from  th( 
Center  of  the  Sundial,  making  Angles  with  th( 
Meridian  line  meafureJ  bv  the  fame  numbei 
of  degrees,  and  they  will  be  the  Hour  Uncs 
One  and  Twd  a  Clock.    And  proceeding,  aftcj 
the  fame  manner  muft  the  Lines  of  the  follow 
Sng  Hours  be   drav^n,  till  you  c6mc  to  thi 
Hour  tb^t   the  Sun  fcts  at  in  the  Lrngeft  da; 
Where,  'tis  evidcntj  that  the  Hour  line  of  fix 
Clock  is  perpendicular  to  the  Meridian   Mm 
fmcein   any  Latitude  whatcrer,  tht^re   are^i 
degrees  intercepted  between  the  Meridian, 
thellx  a  clock  Hour  line.  After  the  fame 

re  the  Angles  to  be  determined,  that  the 
of  the  half  Hours  or  any  other  parts  of  Hoi 
contain  v^ich  the  Meridian  line  upon  the  Hoi 
2ont:?l  Pkne,.    Having  done  drawing  the 
lines  upon  one  fide  of  the  Meridian;forinf 
for  fheHours  afrerNoon,  the  Morning  H< 
lines  are  co  be  drawn  fo,  as  that  the'  lines  repi 
fendng  the  equally  diftant  Hours 'fmm  No; 
may   make  equal   Angles   with  the   Mcj 
but  lying  on  the  other  fide.  After  the  like 
net  (by  the  help  of  the  s^^^Ih-vi.)  may  a 
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drawn  upon  any  Plane:  Forany'PIanc, 
lorizoncal  Plane  of  {oroe  place.  i 
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Wife  determining  by  Obr<;rvation,  the 
larion  and  refpeft,  that  the  Circles  of 
tSphere  have  to  one  anecher. 


Proposition  XVI. 


d(ttrmm€  by  Obferv^ttmy  the  Thne  efthc 
feriAUn  Chetf  In  anj-Phce, 
Place  being  given,  the  Horizon  is  alfo* 
for  tfwt  is    determined  by  che  Sight- 
lis  lieing  the  only  one  that  comes  under 
jiceof  our  Senfes,  the  others  muft  be  de- 
led by  the  fefped  they  have  to  this  ^  and 
^  Meridian.    Let  two  planes  of  Vertical 
t  be  found  by  Obfcrvation,  that  a  Cele- 
bdy,  which  does  not  change  its  Declina- 
^upon^  when  it  is  at  the  fame  Altitude 
^nd  after  its  greateft  Elevation  above  the 
in  ;  che  Vcrrical  Plane  bifec^ing  the  An- 
uained  by  ihefe  two  Planes,  will  be  che 
of  the  Meridian,  and  produced  unco  the 
hsby  the  fight  will  mark  ouc  the  Meridian 
Since  (  by  the  fuppofition)  the  Cele- 
)dy  docs  not  change  its  declination,  it 
fcribc  by  its  Diurnal  motion  a  Circle  pa- 
o  the  Equator  :  The  higheft  point  there- 
this  Circle  (as  alfo  of  the  Equator  icfelf^ 
c  Meridian  Circle,  and  che  points  that 
equal   Heights  on  either  fide,  will  be 
;ftanc  from  the  Meridian.      Wherefore 
fly,  that  Circle  from  which  che  Verticals, 
ch  the  Celeftial  Body  was  ac  the  lams 
T  }  Aid- 
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[Alticode,  are  equtdiftant  on  both  fidcs^  is  ch 

[eridian  ;  that  is,  the  Circle,  whole  Plane  bi^ 

;  the  Angle  contained  by  the  abovementi- 

med  Vcrricab  is  the  Meridian  itfetf.  ^  E.  i; 

As  for  the  Prai^ce^  this  is  a  good  way  enougU 

iffoiving  the  Problem:  Upon  a  Plane  paral- 

to  the  Horizon,  that  is,  one  to  which  i 

^lummet  is  perpendicular  (fincethe  Zenich  anj 

lir,  upon  which  the  Plummet  falls  when  pro 

[daced,  are  the  Poles  of  the  Horizon,)  ercd  a 

fStyle,  on  whofe  lower  extremity,  as  a  Center, 

let  a  Circle  be  defcribed  upon  the  Horizontal 

'plane,  and  let  a  point  be  marked  in  the  Cir-< 

ference  of  it,  upon  which  the  ihadow  of 

the  top  of  the  Style^  falls  before  Noon  ,•  and  a- 

;ain  that  point  of  it  upon  which  the  (hadow  of 

fame  falls  in  the  Afternoon  :  A  Right  line 

:onne<Sing    the    center  of    the    Circle   wi 

that  point  which  bifeds  the  Arc  lying  bet 

two  points  thus  marked,  is  the  common 
:ion  of  the  plane  of  the  Meridian  with  thd, 
riorizontal  Plane,  which    is    alfo  called  th 
'iJian  line ;    becaufe    ic    fhews    the    Nort 
md  South    Cardinal  points  by  its  dirc<ttioai 
A  Plane    therefore   erefted    upon    this   imc 
perpendicular  to  the  Horizontal  plane,  is  th 
Plane  of  the  Meridian  fought.    When  the  Ce 
leftial  Body  made  ufc  of  in  the  folutton  of  thi? 
Problem  is  the  Sun,  'tis  evident  tliat  it  muft  be 
doue,  when  the  Sun  does  not  fcnfibly  change 
his  declination  ;    (  for  this  is  a  neceflTary  quali 
licarion  in  the  Ccleftial  Body  pitched  upon  fo 
this  purpofe; )  that  is,in  one  of  the  Solftices.  Be. 
caufc  thefe  Obrervarions  are  to  be  made  befor 
and  afrer  Noon,  the    Summer  Solftice  is  ro 
preferred,  feeing  th;uin  the  Winter  SoIfticc,by 
rcafon  of  the  Sun's  ncai;ncfs  to  the  Horizon,  tJa 

jmccr- 
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irfairiRefra^ons  will  render  Ac  bpcnrion 
tfiil ;  and  befides,  chcn  the  Sun  afccnJs 
dcfcends  too  obliquely,  altering  Its  Ver«^ 
much  more  than  is  ALitude  ;  which  i^  iiir, 
modioDs  in  this  operation,  where  the  Vec- 
(1  is  to  be  determined  by  the  Aliinuk,  There*] 
i  when  the  Sun  is  in  the  Summer  Sulftice,  ii 
rcleistobedrawnuponthe  Horizontal  plane, 
!^  that  the  extremity  of  the  {h.idow  of  the 

tor  Gnomon  may  fall  upon  ic,  when  the 
alters  it^  Altitude  pretty  much,  and  hil, 
(urh  but  little ;  and  therefore  feveral  con-l 
c  Circles  are  to  be  drawn,  that  the  niLal 
itiodious  may  be  chofen. 
'o  determine  the  Meridian  line  drawn  fof  ^ 
xing  your  moreaccuiate  and  pciftd:  In- 
ncs,  this  operation  (hculd  be  repeated,  and 
fs  rhade  ufe  of,  to  be  feen  amorgft  fcvtral 
rs,  or  eafily  thought  upon  by  any  onesj 
this  is  to  be  undcrftood  of  any  other  Obfcr- 
lis,  that  are  fundamental,  and  upon  which, 
g  train  of  others  are  built.  The  long,  ft 
es  or  Gnomons  are  the  fitceft  for  the  making] 
Obfervation :  And  inftead  of  an  r  pake  ex- 
jity  or  top,  in  a  large  Building,  a  hole  Ic! 
the  Rays  of  the  Sun  pafs  thr</  it  into  thi 
iice^  would  be  more  proper;  as  C^JJini dii 
mt  Church  of  St.  Pctm/ius  at  Bimon'u. 

1  Proposition  XVIL 

O  dttttmine  by  Obfervation  the  Height  ef  thi 
Tch,/ind  Situation  oftl^E'^mno^ilal^in  rtgan 
Horiz'>ft. 

'here  one  of  the  Poles  lias  a  confiderabl<  ^ 
ation,  \,fig-S''\  let  the  greateft  and  leaft 
:udes  0  5  and  Oa  above  the  Horizon  H<^ 
ly  Fix  d  Star  that  never  fet-i,  Choth  of  which 
;ns  in  the  Meridian, )  be  obferved  by  an 
T  +  Inftru- 
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Inftrument  fix  d  in  rfie  planeof  tfi^  Meridian, 
(determined  by  the  prtced.  Prcf.)  And  P5  orP*- 
hA'  the  difference  S*"  of  thefe  two  Altitudes^  is 
the  didanc^  of  the  Star  fiom  the  Pole :  This  di- 
ftajxe  Ftr  therefore,  or  PS  added  to  the*leffer 
Altitude  Off^  or  (ubtraded  from  thegreateftO^, 
gives  OP  the  Heijjht  of  ihe  Pole  fought.  If 
the  Star,  when  it  is  at  its  greateft  Height  is  ficui- 
ated  upon  the  other/fi^e  of  the  Zeniih  Z^  be-** 
twecn  Z  and  Hj  then  inftead  of  the  greateft 
Altitude  of  the  St?r,  yen  aic  to  niake  ufe  of  its 
complement  to  a  Semicircle,  in  the  foregoing 
Calculation. 

Great  care  and  diligence  is  to.  be  ufed  iti 
making  this  Obfervatic  n  ;  For  upo|i  this  are  all 
the  other  obfervatiohs  of  the  Sun  and  Fixe4 
Stars,  and  confequencly  all  Aftronomy  is  foun-! 
ded.  Such  a  Fix'd  Star  therefore  is  to  be  chofei^ 
as  is  leaft  liable  tp  Refradion  in  its  leafi  Alti- 
tude ^  that  is,  the  neareft  to  the  Pole,  which 
does  not  approach  the  Horizon  too  much  :  For 
\hc  Refradiun  of  Stars  are  liable  to  majce  their 
places  pbfervcd  nt^ar  the  Horizon  uncerrain  j 
as  ihiill  be  fiiewp  hereafter. 
;  if  aeicher  of  tlie  Poles  be  elevated  enough  a- 
tovCi^he  Horizohj  then  the  thing  is  ro  be  done 
by  the  Meridian  Aititiide.of  a  Star,  whofe  De- 
clination is  known  ;  as  Jhall'be  (hewn  in  the 
Corollary  to  the  following  Vrcpcjitton.  And  in 
moft  places,  v/hcre  but  few  Obfsrvations  are 
deugn!d  to  be  made,this  method  is  ufually  taken, 
]But  .fince  the  Obfcrvation  of  the  Declination 
of  the  Stars,  depends  upon  the  knowledge  of 
the  Height  cf  the  Pole,  'tis  more  proper  to  lay 
dowh'fu^h  a  manner  of  obferving  the  latter  as 
do§s  xiot. depend  upon  the  fdrmer  •  v-hich  al/b 
mufl/ieceirarily  be  ufed  by  all  caucious  Obfer- 
vers,  that  deJign  to  derermin?  the  places  of  the 

Stars, 
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I, -and  without  trufting  die  Obfervations 

js  at  all,  fince  they  may  repeac  thcni. 
Jie  Height  of  the  Pole  being  found^thc 
^of  cheEquatoijOr  HE  the  Arc  of  chcMeridi 
atercepced  between  the  Horizon  HO  and  th 
nator  £  ^  is  dttermined  ^  For  it  is  the  Corn- 
pent  of  the  former  to  a  quarter  of  a  Circle 
f' bccaufe  HZO  is  a  ijemicircle,  and  PE  a 
idrant,  PO  and  HE  together  will  be  equal 
Qijadrantr    The  fttuatiun  therefore  of  the 
[tor  in  regard  of  the  given  Horizon  WO,  15, 
i^piintd  :  For  ir  incerkds  it  in  che  poinds  oFj 
true  Eaft  and  Weft,  which  arc  marked  o 
Right  line  perpendicular  to  the  Meridiaix 
id  by  the  pieced.  Frop.  ?  and  che  Plane  of  i 
iiincd  to  the  Plane  of  the  Horizon  by  a«' 
le,  whofe  mcafurc  is  the  Arc  H  E  lately 
id. 
,  SCHOLIUM. 

By  the  help  of  chefe  two  Propofitions  the 
jnitude  of  the  Earth  may  be  known.    If  ^, 
ney  made  along  the  Meridian  (drawn  by 
'.  \6.)  be  exadly  meafured,  and  by  an  O 
ration  of  the  Altitude  of  the  Pole  rnade  ac 
, beginning  and  end  of  the  journey,  the  ra* 
of  the  Arc  of  the  Tcrrcftrial  Meridian  inrcr' 
ted,  to  the  incire  Meridian  be  determined, 
tCircumfercncc  of  the  intireTerreftrialMcri 
p  will  not  be  unknown:  And  confequently  ,rha 
tth's  Diameter,  and  from  thence  (by  Geo^l 
^ry,)  its  Surface  and  Solidiry  will  be  know 
Besides,  becaufe  in  pradife,  a  journey  take 
ti  any  Meridian,  or  the  length  of  the  Way! 
ery  where  ver)' nearly  proportional  to  th 
ge  of  che.EIeiation  of  che  Pole  by  Obfer 
n ;  'tis  evident  that  the  common  ScAion  0 
urface  of  the  Earth,  and  of  the  plane  of  an 
idian  is  a  Circle,  and  confequently  that  ch 

figure! 


k 


tf^^Ai 


figare  of  ihc  fearrh  is  Spheriea!.  We  abftraft 
now  from  the  litcle  elevation  at  the  Equatoi*, 
(concerning  which  in  Vrop.  ji.  5.  i )  which  in 
the  before-mentioned  operation  wiQ  be  inferi*- 
fible. 

P  S  OPO  S  I  T  I  o  w      XVIII. 

To   ohfcrue  the    Declination  of    any  CeUi 
BJy, 

Let  the  Meridian  Altitude  of  the  Star  pro 
pcfed  be  obfei  ved.  If  the  Star  be  in  the  qtia- 
drant  ZH  of  the  Meridian  f^^.  6]  that  the 
Equator  Eig^interfeds  the  Meridian  in,  as  at  tri 
the  difference  of  the  Altitude  of  the  Eqcafor 
HE  and  of  the  Altitude  of  the  Scar  H<r  fatame- 
\y  Ec)  is  the  Declinatioft  of  the  Scar  fonght. 
But  if  the  Star  be  in  the  quadrant  20  of  the 
Meridian,  in  which  the  Pole  P  iSj  as  in  S  j 
then  the  uifFerence  of  the  Altitude  of  the  Pole 
P,  and  of  the  Ahitude  of  the  Star  05,  (rtame- 
hr,  PSj)  or  the  diftance  of  the  Star  from  the 
Pole,  is  the  complement  of  the  Declination 
fought.    4.  E.  /. 

We  add  nothing  at  all  here  abont  the  ac^al 
making  the  Obfervations  and  the  conffrudlJon 
of  the  Inftruments,  in  which  the  chief  diflFictlf- 
rjr  of  thefe  things  confifls.  Fot  we  fuppofe  the 
Maker  rery  well  verfed  in  Practical  Geomihy, 
Mechanics  and  Oprics.  And  it  is  evident  that  it 
will  be  moft  commodious  for  any  ofte  th^h 
about  to  determine  the  Places  of  the  Fix'd  Stars, 
to  have  a  Quadrant  or  rather  a  Semicircle  in- 
tirely  immovable  in  the  Plane  of  the  Meridlafn, 
and  divided  into  Degrees,  and  their  lelTer  parrs 
according  to  art,  and  an  index  moving  upon 
its  Center,  furnifhed  with  Telefcopic  bights, 
for  the  ready  meafuring  the  Meridian  Altitude 
of  any  Scar,  when  it  comes  to  the  Plane  of  the 

Mcri- 
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;ridian:  For  this  Obfcrvation  of  che  DecU- 
ion  of  the  Scars  is  of  great  ufe  in  correcting 
Places. 

COROLLARt, 
As  the  Declination  of  an  Heavenly  Ti^^'f 
I  found  by  the  Elevation  of  ihj  I'olc  or  i.> 
tiator,  and  the  Meridian  Alri.bdc  of  the  Ccw 
iftialBody  being  given;  fo,  on  che  conrraty, 
ie  Elevation  of  the  Pole  or  of  che  I  qa  ror 
By  be  had,  by  the  Meridian  Altitude  art'l  De- 
■nation  of  tha  Star  being  given.  For  in  the 
fadrant  ZEH^  the  fum  or  difference  of  chd 
ics  Hff,  E^  gives  the  Elevation  of  the  Equa- 
HE.  But  in  the  Quadrant  ZPO^  the  Turn 
iffereace  of  the  Lines  OS  and  PS  gives  the 
itudeof  che  Pole. 


L  Proposition  XIX. 

WT^O  eifervc  lie  Inelinatson  of  the  Ecliptic  to  the 
I  Equator  or  the  Ohli'^Hity  of  the  Ecliptic,  and 
Uetermtne  its  Situation  and  confequtvtlj  that  of  tbt 
iures,  Tropics  and  Polars,  in  rejpecl  of  the  Equator, 
|Let  the  Sun's  Declination  be  daily  obferved 
iouc  both  Solftices;  (by  the  preced. )  This, 
lerc  ic  is  greareft,  is  the  Obliquity  of  the  E- 
pfic  fought.  For  fince  the  Ecliptic  is  the 
^y  of  che  Sun,  as  big  as  the  greaccft  Declina- 
^n  of  the  Sun  is,  fo  big  is  that  of  the  Ecliptic 
Ifelf;  confequently  the  one  being  obferved, 
e  other  is  alfo  obferved.  ^  £.  F 
^Buc  fince  from  the  preceding  Praxis,  the  De- 
ination  of  a  Celeftial  Body  can  t  be  obferved, 
[ccpting  when  that  Star  is  in  the  Meridian ; 
ithc  Solftice  fhonid  happen  to  be  celebrated 
hen  the  Sun  is  not  in  the  Meridun  of  the 
bfcrver,  (which  will  generally  happen'  there 
^1  be  fome  error  ;  but  fo  fm  ill  as  to  be  not 
prth  regarding.      For  we  gave  inftruAions 

that 
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that  the  Declination  fhould  be  taken  any  Noon, 
«nd  conf-qucntly   the  greaceft  error  will 
when  the  Svjldice  is   celebrated  at  Midnighoj 
that  is,  at  that  point  of  time  which  is  moft  rc- 
nwre  from  Noon.    The  error  therefore,  wh( 
it  is  greateft,  will  be  equal  to  what  the  Sun^  _ 
Declination  ii  hours  before  or  after  the  Solfticc" 
wants  of  its  greateft  Declination:  But  this  does 
not  aiife  o  above  four  Seconds;  tho*  the  Obli- 
quity ic  lUl  is  not  determined  to  a  minute,  or 
cv.en  two,  by  Aitifts  themfelves.     Of  the  Solfti^ 
ces  th:it  is  to  be  chofen,  in  which  the  Sun  may 
be  bed  obferved  without  any  danger  of  error, 
and  in  this  regions  near  the  North  Pole,  the 
Summer  Solftice;  becaufe  the  Sun  in  the  Winter 
Solftice,  even  at  Noon  it  felf,   is  not  out  of  all 
danger  of  Refradion  ;  which  is  a  mi^tccrof  ve- 
ry great  moment  in  this  kind  of  Ohfervatioru 
There  are  fome  places,  where  to  find  the  Obli- 
quity of  the  Ecliptic,  it  may  be  advifable  to  fub- 
tjacfc  the  Merijian  Altitude  of  the  ^un,  when  in 
one  of  i.hc  Solftice^,  from  its  Meridian  *'  '     *a 
in  tlic  other,  if  the  Sun  in  both  c^  n 

tl^  fame  fide  of  the  Zenith  ;  hyit  if  on  ifr 

fides,  from  the  Complement  to  a  Senntu^^ic  of 
the  latter  Meridi<in  Altitude,  to  have  the  di- 
ftanceof  the  Tropics  remaining',  half  of  wliich 
b  the  Obliquity  fought.  ^ 

To  get  the  Obliquity  of  the  Zodiac  with 
great  exai^tncfs,  Obfi^ivations  continued  for  ft>» 
veral  Years,  fyys  the  skilful  and  induflrious 
HevclitiSy  and  fuch  as  arc  compleat  on  all  ac- 
counts, taken  by  your  larger  Inftruments,  and 
fuch  as  mLiy  be  depended  upon,  are  r'^^f^'ry.- 
And  upon  this  account  it  is  that  no^  ,  s ^ 

when  Inftrumeots  are  both  great  and  '-^ 

ly  divided  and  furnlflied  with  Telefcop.^  ■  v^'-^S 
there  is  a  fenfiblc  diffcr^ce  obfervable  becweca 

the 
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Obliquities  of  the  Zodiac  fee  down  by  dif- 
fent  Arcifts.    For  Hfotllm  makes  it  2.\^^^,  go'. 
^^      The   fame  does  Ricdolns  in  his   Reformed 
'Tommy,    Moufon^  who  has  writ  almoft  an  cn- 
Book  upon  this  Argument,  choofingj  afiec 
•era!  repeated  Obfervations,  the  middle  be- 
'cen  the  extremes,  fixes  upon  2;g^  ;o'',  as 
'.ciolus  \nhis  Jlttji-igefi  does  from  feme  fele^S 
fervarions :  This  is  what  Mn  Street  alfo,  in  his 
rronomli  Carolina,  fets  down,  and  moft  AftfO- 
lers  now  make  ufe  of.     Notwithftandlng 
'.  De  la  Mireftn  his  Altromm.  Tables ,  P^irt  firjf^  of 
Motions  9f  the  Sun  and  Muon^  makes  it  an  in- 
minute  lefs*  namely,  only  2;".  29',  and 
tt  from  Obfervations  near  the  Zenith,  and 
it  of  all  danger  from  Retraftion. 
^  And  were  the  jjudgmenc  of  the  Ancients  a- 
'■  ll  this  matter  confultcd,  fo  great  a  difference 
[uld  be  footid  between  the  Obliquity  obfcrved 
them  and  that  taken  from  the  Heavens  now,| 
It  fomeAuthors  have  thoughtit  to  bechanga- 
?,  bcfides  the  change  made  in  it  twice  a  Yearj 
lich  we  don't  here  difputc  about,  becaufe  al-^ 
ift  infenfible  :  Since  from  the  time  oi  Ariftar^ 
u  the  Samlavy  who  flourifhed  near  100  Years 
Tore  Chrift,  it  was  reckoned  to  be  about  2a'*  : 
in  Vtolem/s  time,  about   iao  Years  after 
hrift,  not  above  ^^°,  yi'.    And  again,  in 
teflffgniw/s  rime,  near  900  Years  after  Chrift, 
lly  2;g''.  jy'.     And  Tjcho  by  his  Obfervations 
^kes  it  to  be  but  25°.  2i\  30^'.    Yet  the  moft 
iduftrious  obfervers  or  the  prefent  Age^  will 
,ve  it,notwithflanding,  to  be  conftanc  ■  name- 
t  GaJfenJus,  Rictlolus,  Horrox  and  He'vtlius^  who 
cs  not  rhink,  in  his  Vrodronmsy  that  we  ought 
[  depend  16  much  upon  their  ObfervationSj^ 
Bcethey  did  not  make  ufe  of  the  bed  Inftru- 
fcnrs,  nor  proceeded  in  the  fhorceft  method. 

Nay, 
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Nay,  fome  of  the  Ancients,  and  ftoUmy  hinjfclf, 
in  his  Atmagefly  think  fo  coo  ;  Mb  tt^niut  for  the 
fame  reafon  with  He^vJws,  prefers  his  own  Ob^ 
fervations  to  thofe  of  the  Ancicn.s,  And  Gjf- 
fendus  in  the  Lift  ofTtireskiuSy  (hews,  by  fome 
Obfervations  of  his  own  making,  chat  the  Ob- 
liquity of  the  Zodiac  is  the  fame  now-a-days^ 
as  it  was  in  the  time  of  Akxandtr  tin  Gnat  j  be- 
caufe  he  found  by  anObfervation  made  ac  Afar- 
feillcs  by  hinifelf,  that  the  ratio  of  the  Gnomon 
toitsfhadow  at  Noon  in  the  Summer  Solftice, 
was  the  fame  with  that  obferv'd  in  the  fame  CU 
ty  ac  the  fame  time  of  the  Year  by  Tytbtm  Ma^-^ 

Befides,  the  points  in  the  Heavens,  where  the 
Eclipric  inteilefts  the  Equator  are  they,  in 
which  the  Sun  appears  when  the  days  are  e* 
qual  to  the  nights  to  an  Oblcrver,  to  whom 
either  of  the  Poles  is  elevated  above  the  Hoii-r 
zon.  This  therefore  is  the  ficuation  of  the  Eclip-  - 
tic,  that  it  may  cue  the  Equator  in  the  faul 
points^  and  be  inclined  to  the  Equator  in  che 
Angle  above  determined,  half  of  it  cending  to 
the  North  Pole,  in  which  the  Sun  is,  when  the 
Days  are  longer  than  the  Nights  to  the  Inhabi- 
tants of  the  Northern  Hemifpherc  of  the  Earth. 
The  fituation  of  the  Ecliptic  being  given,  the 
fituation  of  the  Ttopics  is  immediately  given^ 
bccaufe  they  are  parallel  to  the  Equator,  and 
touch  the  Ecliptic,  and  are  as  far  from  the  Equa- 
tor, as  the  Obliquity  of  che  Ecliptic  is  great, 
and  che  Polar  Cjrcies  are  as  fi^r  diftantfrotn 
the  nearcft  Poles.  The  lituation  of  the  Co-f 
lures  is  deduced  from  hence,  for  chey  pafi 
thro'  the  Equinodial  and  Solftitial  points  found 
before,  and  interfc<ft  one  another  ac  right  angles 
in  the  Poles  already  determined  by  Obfcrva- 
tipn, 

Pao. 
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Proposition  XX. 

Obli^Htty  of  the  Ecliptic  being  gi'ViVy  to 
.  find  by  calatlati(m,  the  Right  Ajctnfion  sni 
maxim  of  a  given  point  in  it^  as  ^Ifo  the  Angle 
W>i  Ecliptic  makes  with  the  McriJimt  at  tie/aiJ 
ij  and  com/crfefyy  to  tLfine  the  point  of  the  Eclip- 
fo  which  gne  of  tbtft  agrees,  and  confe^utntly  to 
^int  the  place  of  the  Sun  in  the  Ecliptic^  by  an 
fi/ation  made  in  Frop^  1 8. 

E^  iFtg.'j.]  reprefenc  the  Equator, 
fe  Pole  b  P  ;  £  L  the  Ecliptic  ^  E  rhe  point 
\t  of  the  Equinoxes :  zTa  point  given  ia 
xlipcic,  thro*  which  let  a  Circle  of  Decli- 
as  ?  L  ^,  be  fuppofed  to  be  drawn. 
Spherical  Triangle  E  L^  there  is  gi- 
thc  Side  ELy  namely  the  dxftance  of.  the 
f  given  from  £,  and  the  Angle  ^E  L,  the 
^uity   of  the  Ecliptic ;  the  Angle  ^  alio 

fecj  namely  a  right  one,  becaule  P  is  the 
of  the  Circle  E  ^;  The  fide  ^L  there* 
fill  be  found  (by  Spherical  Trigonometry,) 
is  the  Declination  of  the  point  L  fougnt. 
North  or  South,  according  as  the  adja- 
^Pole  is :  In  like  manner  the  Side  £^  will 
lundj  which  (according  to  the  fituation  of 
pDinp  L  in  this  pr  that  Quadrant  of  the  E- 
?<;,  and  the  nature  of  the  point  E)  will  be 
jr  the  Right  Afcenfion  fought,  or  its  com- 
ment to  a  quarter,  or  half,  or  three  quarters, 

0  intire  Circle.  For  the  Angle  J*  L  £  is  gi- 
,.  that  the  Ecliptic  makes  in  the  laid  point 
\  the  Circle  of  Declination  or  Meridian, 
'^converfs  of  this  is  done  after  the  like  man- 

1  Yet  wc  art  to  take  notice,  that  there  ars- 
poin«s  of  ihe  Ecliptic,whore  Declination  to- 
]s  the  given  I'ole  i  the  fame  ;  and  therefore 

I  a  dcts^mination  is  neceffary. 
Section 
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Of  the  Fix'd  Stars,  and  the    deterrtiinini 
their  Places  by  obfervation,  and  fome 
ther  things  that  belong  hereto. 

PROPOStTION    XXI. 

TO  €XfIain  the  fever  al  Orders  oftht  Fix  J  Starry 
into  which  shey  are  divided  on  account  oftbtlr^ 
Jlffttent   i7ppartfit  AL'gnttude  y  and  to  givi    t^n  ..'f- 
cQuntofxhis  diff^rtnce, 

In/ome  of  the  preceding  Propofitions  we  have 
laid  down  the  method,  whereby  the  '    "        oi^ 

the  chief  Circles  of  the  Sphere  are  dw -ed' 

in  refpec^  to  the'fenfible  Horizon  ^  namely,  of 
the  Meridian,  Equaror,  Zodiac,  both  Colurci, 
Tropics  and  Polar  tircles:  We  fliouJd  now 
Ihew  the  way,  how  the  Places  of  the  Fix*d 
Stars  in  refpi  A  of  thefe  Circles  are  to  be  found. 
But  before  that,  we  muft  fiy  fomerhing  abouc 
the  Fix'd  Stars  themfelvesj  their  differences  and 
order.  ' 

And  firft,  there  appears  a  vaft  difference  a- ' 
inong  the  Fixed  Stars  as  to  their  apparent  Mag- 
nicudc  and  efficacy  of  their  Rays,  to  any  one 
that  (hall  but  look  up  to  the  Heavens  in  a  clear 
night  when  the  Moon  does  not  (hine.  On  rfil? 
account  Aftronomers  have  made  fix  C'-i^-  or 
Orders  of  them,  the  greateft  of  whicl.  .  i  J 

Stars  of  the  frfi.  Magmtttdt;  I  the  leaft,  Stars  of  ihl 
fatb,  and  the  intermediate  in  the  fame  order* 
Some  make  the  difference  ro  lie  in  the  r«t 
magnitude  of  the  Stars,  afferting  fome  of 
to  be  really  bigger  than  othcis,  while  thc>  .»-w 
all  equally  dif*-"'-,  becaufc  placed  accoidingto 

rhcra 
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in  the  fame  Spherical  furface:  Others  fol- 

IngtheAncienfs,  make  their  different  diftiinco' 

the  caufc  of  thcirdiffercnt  Magnitude. 

id  this  opinion  ii  very  mlich  favoured  by 

lumber  of  the  Flx'd  Stars  of  the  firll  and 

id  Magnitude.      For  If  every  Fix'd  Scar 

he  otfice  of  a  Sun,  to  a  portion  of  the 

idane  fpace  nearly  equal  to  this   that  ouf 

|conlmands,there  will  be  as  manyFix'd  Scara 

firft  Magnitude,  as  there  can  be  Syflcmi 

lis   fort  touching  and  furrounding  ours; 

is,  us  many  equal  Spheres  as  cjn  touch 

[ual  one  in  the  middle  of  them.      Now^ 

lertain   from    Geometry,     that    thirteen 

;s  can   touch  and  furround  one  in  the 

le  equal  to  them  ,  (for  KffUr  is  wrong  irl 

ling,  in  B,  i    of  the  Epit.  that  there  may 

Belve  fuch,  according  to  the  nunlber  of  rh^ 

les  of  an  Icbfoedrunj,)  and  Juft  fo  m:!ny  uft- 

roverted  Stars  of  the  firlt  M^^gnitude  arfi 

3  notice  of  by  Obfervation.     For  Aflrono^ 

are  not  as  yet  agreed  upon  their  number  l 

tins  reckons    the   bright  Star  in   the  Erglc's 

kr  of  the  fccond  magnittide,  whereas  Tjchd 

\  it  of  the  firft ;  and  on  the  contrary  Hi^(^ 

ifiakes  the  little  Dog  and  rbrrtght  SooultUr  cf 

of  the  firit  magnitude,  and  Tjcbo  of  the 

d.     And  there  are  others  that  Ht^elhts 

If  doubts  of. 

ainjif  it  be  asked  how  manySphercs  equal 
;  former  can  touch  the  firit  Order  of 
es,  furrbundihg  the  Sphere  placed  in  the 
ling,  (or  rather  a  Sphere  comprehending 
former  thirteen  together  witha  fourteenth 
Center;)  the  number  cf  chefc  will  be 
to  be  j2,  or  4^15.  lor  the  centers  of 
Jpheres  of  thefecond  Order  arc  in  a  Sphe- 
M&ce^  whichisquadruplecf  that  in  which 
W  U  the 
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the  centers  of  the  Spheres  of  the  firft  Order 
touching  the  inraoft  are>  Jincs  the  Diameter  of 
the  one  is  double  that  of  the  other  j  and  nearly 
as  many  Fix'd  Stars  of  the  fecond  magnitude 
have  been  taken  notice  of ;  Hc^eUns  making 
them  ro  b9  about  fo;  Kef  lit  following  Tjcho, 
^8  y  and  TtoUmy  not  above  45- ;  novtr  we  affam« 
the  middle  between  them :  For  there  is  a 
greater  difference  among  Aftronomers  about 
btacs  of  the  fecond  magnitude  than  abouc 
Stars  of  the  firft.  Nor  will  there  be  any 
great  difference  from  Obfervation  in  deter- 
mining the  nnmber  of  the  Tixd  Stars  of  the 
other  magnitudes  according  to  this  method. 
For  the  farther  confideration  of  this  fnatter^  k 
only  remains  that  wc  (hew,  that  there  is  the 
fame  Order  obferved  among  the  Fixd  Stars  c^ 
the  firft  rank,  as"  there  is  between  the  central 
Bodies  of  the  Spheres  touching  and  furrounding 
the  inmoft  Sphere  (near  whofe  Center  the  Eye 
\i  placed,-)  and  the  Cime  between  the  Fix'd  Stars 
of  ihc  fecond  magnitude,  as  there  i>  between 
the  central  Bodies  of  the  Spiicres  fecond  in  or- 
der from  thfcfcj  and  lo  on.  And  here  indeed 
the  matter  docs  not  go  on  fo  well,  (which  mado 
KcfUr  of  another  opinion,)  as  is  evident  evea 
from  hence,  that  upon  the  firft  caft  of  our  Eyes 
upon  the  Heavens,  fomc  trads  of  the  Firma- 
ment appear  fiird  with  innumerable  Fix'd  Scars, 
whereas  othcps- are  found  to  be  almoft  empty 
and  void  of  any. 

But  there  is  no  great  error  committed  vx 
tlie  order  of  the  Stars  of  the  firft  and  f;cond 
magnitude,  as  will  appear  to  any  one  that 
makes  a  comparifun  :  For  there  arc  fix  Stars  of 
tiie  firft  raagnicudc  in  the  Zodiac,  three  ro  the 
North,  and  four  to  the  South,  near!y,a5  ic  ought 
to  be  according  to  this  Theory. 

Pko» 
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'enUT^erate  the  Confi€llaSt<ms^  Into  which  tht 
Fix'd  Stars  are  dijhributed  by  Afirofdmeru 
lie  Ancients  cither  following  the  Shape  attd 
ire  of  the  difpofition  the  Stars  appeared  in> 
id  by  Religion,  have  diftributed  all  the  Fix- 
tars  viJlble  in  our  Temperate  Zone^into  48 
Jes  :  Twelve  of  which  are  fituated  along 
kh  of  the  !Zodiac,  and  give  names  to  iM 
ipcatemories :  And  there  are  inthe  Northern 
XAuesy  Tawnsy  Gemini^  Cancer^  Leo  and  Vlrgt>i 
b  Sourhernj  Uhray  Scorpio,  Sagiturita,  Co*- 
fu(,/l^uaritu  and  Pifces.  The  othei:  Images 
tiacea  in  the  Hemifpheres  feparated  from 
pother  by  the  Zodiac  :  in  the  Northern 

Emely  the  littU  Bear,  the  great  Be^try  Drac^ 
,  Bootes,  the  Northern  Crown  y  Hertida^ 
\  ^JS^^h  CaJJiopeia,  Ferfet$s,  Andromeda,  tbt 
fie,  Auriga,  Fegfjfus,  E^uuleus^  Dolfhin,  Sm' 
^^uiUy  Serpentariusy  Serpens,  To  thefe  Weftf 
irards  added  the  Conftellations  of  Antinoai 
iouc  of  the  unformed  ones  near  Afjuila,  be- 
I  it  and  Capricorn  and  Sflgittary,  and  of 
B&enicej  out  of  the  unformed  ones  flca^ 
ten's  Tail,  Ptolemy  mzktS  Aniin&us  bdong 
jaiUy  and  E^uuleus  to  Pegafui,  Ot\  th« 
ern  part  of  the  Zodiac  there  are  i  j  Cofl^ 
ions  known  to  the  Ancients,  namdy  Cetuf^ 

iusy  Lepusy  Orion,  the  Great  Dog,  the  Little 
'he  Ship  ArgOj  Hydra,  the  Cup,  Corpus,  thi 
r,  Luptis^  Ata,  the  Southern  Crown,  and  Pifces 
ms. 

thefe  are  lately  added  ti  Conftellations^ 
re  invifible  to  us,beingnear  th«  SouthPolc^ 
f  the  Phanix^  Grus,  Pa'vo,  Indus,  Apui,  South. 
U,  Mufcay  Chamaleon,  Pifcis  'volans.  Toucan, 
Oft  AmtrUanus,  Hydrus,  Xipbias  OT  Dorado. 
■  U  a  Thertf 
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There  are  fome  other  Stars,  which  are  not  with- 
in the  compafs  of  the  Images  dcfcribed,  or  re- 
ducible to  them,  ihefe  therefore  they  call  Uw- 
furmtd ;  and  out  of  thefe,  fome  of  the  more  con- 
fiderable  Obfervers  of  the  Fix'd  Stars,TOakc  now 
and  then  fome  new  Conftellations,  and  gi?e 
them  proper  names.  Thus  the  Accurate  Mr.  Ed* 
mundHalley,  who  firft  of  all  obferved  with  cx- 
adnefs  the  Stars  near  the  South  Pole,  while  he 
was  at  St.  HeUna^h^is  taken  this  liberty, in  form- 
ing a  new  Conftellation  into  the  Image  of  an 
Oak,  out  of  the  unformed  Stars  that  lie  between 
•he  Ship  j4rgo  and  the  Ctntauvy  and  confecrated 
it  under  the  name  of  Robur  Carolinum,  or  the 
Royal  Oaky  tranflated  into  the  Heavens  in  per- 
petual memory  of  the  Prefervation  of  King 
Charles  11.  inthe  hollow  thereof.  Thus  Bsrtfcbim 
in  his  Globe  of  four  foot  dian)eter,ha5  two  other 
new  Conftellations,  the  Camehfard^  and  the  Ms* 
mcerosy  that  He-veifus  retains. 

But  He-velius  himfelfhas  gone  farther  in  this 
matter,  and  has  made  up  more  new  Conftella- 
tions out  of  the  unformed  ones,  than  any  of  the 
Moderns  befides,  as  is  evident  from  his  Firma* 
ment'y  where  he  has  plac'd  Leo  minor  between 
Leo  undUrfa  major,and  L)vx  between  Urfa  ma- 
jor and  Auriga  above  Gemini  j  tht  Canes  Vina-^ 
f;Vi  after  Urfa  major  and  under  its  Tail ;  fochat 
what  to  Tycho  was  an  unform'd  Star  between 
the  Tails  of  Hclice  and  Leo  (afcer  wards  call'dar 
C.iroli  by  the  Efiglijlty)  by  He^'tlius  is  faid  to  be 
in  Anntilo  ArmiUa  Charaj  or  Collar  of  Cbara  \  the 
Lacerta  ov  StiUio  between  Andromeda  and  Cyg 
nus ;  the  Sextans  Urnnia  between  Leo  and  Hy- 
dra; Scutum  Schlefciannum  httwtcn  kqaW^  and 
Serpentarius ;  Vulpn-ula  cum  Avfere ,  between 
Aquila  and  Lyra  under  Cygnus  ^  Trlavgulm  miA^ 
nuj  between  Triancrulum  Eoreale  and  the  Htadjp 

of 
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ics.    He  hgs  altered  fome  of  the  ancient 

[ellations  a  little,  and  added  others  to  them; 

"las  armed  A#tinouswith  a  Bow2n<l  Anew^ 

^as  before  unarmed,  and  placed  Cerberus 

the  bending  of  HtrcuUs%  left  Arm,  and 

fMeenaJus  Under  the  feet  of  Bootes.    The 

jtellations  arc  fct  in  the  places  defcribed,  as 

tftinuation  of  the  ancient  Fables  of  the  ad- 

ir  Conftcllations,  left  he  fhould  break  too 

i  in  upon  or  diforder  the  Rules  and  Judg- 

of  the  Aftrologers,  or  to  perpetuate  the 

)Ty  of  fomc  noble  Aftion. 

lers  again  are  iui'  giving  the  Stars  new 

fuch  as  are  CZfr//?iV»  ones;  a  fpecimen 

we  have  in  the  Venerable  Bede  m  the 

of  che  Zodiac  ;  and  Julius  Schillcrus  has 

itu'd  in  his  Ca-hm  Snllattim,  or  Starry  Hca- 

"pubriflied  in  the  Year  1627.    This  defign 

een  very  juftly  difapproved  of  by  Coperni- 

fcho,  and  Hrvelitfs  in  his  FirmttTTJevt ^  and  o- 

IftronomerSj  who  think  the  ancient  names 

;  to  be  retained,  for  fear  of  confufion, 

jy  degrees  lofmg  the  Ancient  Aftrononiy. 

y  this  method,  which  has  been  conveyed 

(to  us  from  the  original  of  Aftronomyj 

>tain  what  was  of  the  grcateft  import;mcc 

5  matter  ;  namely  (i^s  Cofernkus  fays)  thjt, 

f  k  pjultituJe  of  Stars  wight  be  Hljihgmilicd 
wtSy  and  that  thefe  may  Lf*ve  Jome  names  to 
r  tbem  ly, 

e  l^ia  LaSeaflx  Milky  /f'iiy,comes  under  this 
of  Conftellations ;  for  the  prefent  Age  has 
■  it  to  be  a  collection  of  innumerable  li:tle 
Stars,  as  fome  of  the  ^nciencs  believed,  as 
W  informs  us :  'Tis  a  broad  Circle  white 
4ilk,compafIingthe  whole  Heavens  5  fome- 
in  a  double,  but  generally  a  fingle  path, 
g  thro'  Cafliopeia,  Perfeus,  Auriga,  die 
U  5  Fcec 


Feet  of  Gemipi,  Or'^oas  Club;  the  fore  parts  of 
Monoceros,  the  Tail  of  Canis  Major,  Argo 
Navis,  Robur  Carolinnm,  Ca^x  and  feecof  thq; 
Centaury  ^fcer  which,  it  is  divided  Uico  twoi. 
parts,  over  againft  Ara ;  its  Eaftern  part  paffeij 
thro'  Ara,  the  extremity  of  the  Tail  of  Scorpio, 
the  Eaftern    foot   of    Serpencarins,    the   Bow; 
of  Sagittarius,  Scutum  Sobiefciauumj  the  fee^, 
of  Antinous  and  Cygnus,    where  its  greatei^ 
part  joins  the  other :  But  the  Weflern  part  paf- 
les  thro'  the  former  part  of  the  Tail  of  ScorpiOj 
the  Right  of  Serpentarius  and  Cygaus;  anj! 
ends  its  courfe  in  Cafliopeia,  where  M^mlm 
begins  the  defcri prion  of  it.    There  are  oih^j; 
Iciier  divi/lons  of  the  Galaxy,  the  which  may  bJ 
ieen  in  He^eliuss  Ftrmamcnt,     There  are  alfa 
two  Nubecula  fomewhat   refembling  the  M\ik] 
Wgy,  fituated  near  the  South  Pole,  invifible  ii 
Europe,    and   called  by  Sailors^  the  M     " 
Clouds,  are  exactly  like  the  whitenefs  of  c 
laxyy  as  Mr.  Halley  affures  usj  and  being  view *<,, 
by  a  Telefcope,  they  prefenc  us  here  and  therd 
with  little  jy^W^,  and  fm  all  Stars.  The  greater^ 
of  thefe  two  is  fituated  between  Hydrus  antf 
Porado,  the  lefs  between  Anfex  Americanus 
Toucan  and  Hydrus. 

Proposition  XXUL 

THE  Theory  of  the  Sun  an  J  a  Pendulum  CUa. 
being  ghjtn,  to  determine  the  Right  Jfctnjbm  cj 
the  Fixd  Stars  by  ohfervatlotj. 

Having  explained  the  difference  of  the  Fix'l, 
Stars,  as  well  on  rhe  account  of  their  apparent 
magnitude,  as  of  the  figure  of  the  Conftella- 
tions,  into  which  they  are  commonly  divided ; 
what  remains  is  to  (hew  the  method  of  deter-" 
mining  the  Place  of  any  of  them,  in  regard  of  i 
ihe  Circles  of  the  Sphere,  whofe  firuation  ba$ 
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determined  before,  smd  firft  in  regard  of 
Iquacor;  for  which  purpofe,  we  have  (hewn 
CO  obftrve  the  Declination  of  any  one  of 
in  ^Frof,  i8  ;  ic  remains  therefore  chat  we 
the  Right  Afcenfion:  But,  becaufc  the  he- 
jning  of  the  Equator,  from  whence  the  Right 
wnfio;!  of  the  Stars  is  reckoned,  is  its  inter- 
Bon  with  the  Ecliptic;  in  which,  though  tho 
I  be  found  once  a  Year,  wz».  in  the  begin- 
ig  of  our  Spring,  yet  it  prefently  departs 
tn  thence,  and  leaves  that  point  obfcurc  or 
^kcd  out  by  no  appearance  that  may  come 
ter  the  cognizance  of  our  Senfes^  and  laftly, 
h  an  one  as  that  the  Afccnfions  of  the  Stars 
ft  be  immediately  deduced  from  thence  by 
fervation ;  fome  Phxnoraenon  therefore  is 
pitched  upon,  whofe  Right  Afcenfion  is 
every  moment,  that  the  Right  Afcenfions 
le  others  may  be  obferved  from  this.     And 
Others,  the  fitrelt  for  this  pnrpofe  is  the 
becaufe  ics  motion  is  the  moft  (imple,  and 
light  Afcenfion  is  quickly  found,  by  Prop.zo, 
place  in  the  EcHptic  being  given.     If  its 
X)ry  therefore  be  given,  that  is,  if  its  place 
he  Ecliptic  at  a  given  time  be  given,  and  a 
fck  alfo  whofe  Index  moves  round  equably. 
Right  Afccnfions  of  the  Fix'd  Stars  may  be 
I  obferved. 

irft,  let  the  Clock  be  ordcr'd  fo,  as  that  the 
(X  may  go  over  the  24  Hours,  during  the 
5  that  any  Fixd  Star,  departing  from  the 
•idian,  returns  to  ic  again,  which  is  a  litdc 
than  a  natural  Day.  Let  the  Index  of  a 
tk  thus  ordered,  be  fet  to  twelve  a  Clock, 
!n  the  Sun  is  in  the  Meridian,  and  lee  the 
rthe  Index  points  at,be  taken  notice  of,  that 
fix'd  Star  whofe  Right  Afcenfion  isfuught, 
es  CO  the  Meridian  at.  Lee  chefe  hours  and 
U  4  p^irts 
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parts  be  tum'd  into  degrees  of  the  Equator  and 
(heir  parts,  as  was  (hewn  before:  And  you  will 
hare  the  difference  between  the  Right  AfcenH-; 
onsof  the  Fix  d  Star  and  the  Sun;  this  added, 
to  the  Right  AfcenHon  of  the  Suiu  g^v^s  tho 
Hight  Afcenflon  of  the  Fixed  Star  fought. 

If  in  the  Clock  fitted  to  the  diurnal  Motion  of 
a  Fix'd  Star,  inftead  of  the  24 Hours,  there  are. 
placed  360  Degrees^  and  their  Sexagesimal 
parts,  and  if  while  the  Sun  is  in  the  Meridian^ 
the  Index  be  placed  to  the  number  of  Degrees 
and  Minqtes,  the  Right  Afcenfion  ojf  the  Sun 
then  confifts  of ;  it  will  then  point  at  the  Right 
Afcen(ion  of  thp  Fix'd  Star,  without  a;^  i^-^ 
t|ier  redudipp,  whenever  it  arrives  9C  the  Me- 
ridian, 

Proposition  XXIV-    . 

THE  Declination  and  Right  Afcenfion  of  one 
StaVy  and  the  Declination  of  another  tog^ 
ther  with  their  Difianct  being  gl'ven^  to  find  tke 
Right  Afcevfion  of  the  latter;  and  vice  verfa,  to 
find  the  Difiance  of  two  Stars,  ovhofe  Right  Afcenfi' 
ens  and  Dtdinatiovs  are  given. 

Let  is^reprefenc  the  Equator,  {^fig.Sj  whofe 
Poleij  P;  and  the  Stars  A  and  £,  whofe  Decli- 
nations CA,  DB  being  given,  their  Comple- 
ments alfo  are  given,  or  the  diftances  from  the 
role,  namely  PA,  P B,  and  by  fuppofition, 
the  Diftancc  ABof  the  Stars  is  given.  Where- 
fore in  the  Triangle  ^py?,  the  Sides  being  gi- 
ven, the^A^gle^  P5  will  be  found,  and  confe- 
quently  its  meafurc  the  Arc  CD;  namely  the 
difference  of  the  Right  Alccnlions  of  the  Stars 
A  and  B,  which  therefore  added  to,  or  fubtra- 
^cd  from  the  Right  Afcenlion  givon  of  one  of 
rhem,  .  according  as  the  Circle  of  Declination 
p-ifung  Lhro'  this,  is  to  che  LhH  or  the  Weft  of 

the 


II.     of  Astronomy.     297 

ircle  of  Declination  pading  thro*  that,) 
the  Right  Aicenlion  fought  of  the  ochct. 
\d  on  the  contrary,  the  Righc  Afcenfion* 
Stars  A  and  H  being  given,  the  difference 
lemCPis  alfo  given;  that  is,  the  Angle 
whofe  meafure  that  Arc  is:  And  in  tho 
pi^\c  AFBy  the  Sides  Pji,  V  B,  the  Com- 

Ecnts  of  the  given  Declinations,  together 
the  Angle  APB  contained  are  ^iven  ;  the 
br  Angles  will  confcquently  be  found,  and 
[Side  AM  the  diftance  of  the  Stars  fought, 
fter  the  like  manner  you  may  find  the  Di- 
;e  computed  in  a  great  Circlo  of  two  pla- 
in the  Surface  of  the  Earth,  whofe  Longi- 
16  and  Latitudes  are  given,  and  the  Angles 
{ph  that  great  Circle  (which  anfwcrs  the 
l^ion  Ceieflial  A^-imuth)  makes  with  both 
ndians. 

f 

L.         Proposition   XXV. 
Co  determine  by  Obfervation  the  Right  Afcenjion 
irf  a  given  Star,  by  aFh^enomemn  vlfible  by 
llnJ  night. 

jp.c  the  Declination  of  the  Pharnomenon  vi- 
kby  day  and  night,  be  obferv'd  (by  ?rof.  i8, 
{the  diftance  as  well  from  the  Sun  as  from  a 
^  the  latter  in  the  niglit,  the  former  in  the 
(  From  the  Declination  of  the  Phacnome- 
y  the  Diftance  from  the  Sun,  and  the  Sun's 
p,  the  Right  Afcenfion  may  be  deduced,  by 
preceding;  from  that  and  the  Declination 
ie  fime  being  obferved,  together  with  the 
^"nation  of  the  Star  and  Diftance  from  the 
PLOmenon  being  obferved,  the  Rignt  Afcen- 
^of  the  Star  fought  may  after  the  fame 
er  be  found,   ^  E.  K 
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The  Ancients,  who  had  not  an  accurate 
msafure  of  Time,(fuch  as  Pro-;*.! 5  .requires,  their 
HoorglaiTcs^  the  inftruments  they  madeure  of, 
being  too  fallacious,)  fought  after  the  places  of 
tb«  Fix'd  Scars  by  the  Moon,  taking  the  diftance 
of  the  Moon  from  the  Sun,  computed  accorv 
ding  CO  the  Equator  or  Ecliptic  a  days,  and  chc; 
diftance  of  a  Star  from  the  Moon  a  nights^ 
from  whence  they  concluded  upon  the  diftance 
between  the  Star  and  the  Sun,  and  confequ^ntly 
(by  the  Sun's  Theory)  the  diftance  of  the  Star 
from  the  beginning  of  the  Ecliptic, 

The  Moderns,  inftead  of  the  Moon  nk 
Venus,  becaufe  its  Diameter  being  Icfi  will 
make  the  error  left  in  obferving  the  diftance  j 
and  becaufe  the  Moon's  place  comes  often  ro 
be  obferved  by  the  places  of  the  Fix'd  Stars 
firft  correded,  that  its  Theory  may  be  correded, 
which  is  not  as  yet  accurate,  elpecially  about 
the  Quadratures,  which  was  the  limes  that  the 
Ancients  made  thefe  Obfervations  ioj  and  alfo 
becaufe  the  Motion  of  Venus  is  neither  fo 
Iwifc,  nor  fo  uncertain.  Therefore  it  will  be 
bell  to  obferve  Venus  in  its  greateft  Elongation 
from  the  Sun,  when  its  Motion  is  nearly  equal 
to  that  of  the  Sunj  and  when  by  reafon  of 
their  Elevation  the  Sun  and  Venus  are  leaft  ob- 
noxious to  Rcfradtion.  In  making  thefe  Obfer- 
vations fpecial  care  muft  be  taken  to  repeat 
them,  as  well  when  Venus  is  to  the  Eaft  of  the 
Sun  as  when  it  is  to  the  Weft,  fo  that  by  thefe 
different  Obfervations  confpiring  to  determine 
the  fame  place  of  the  1  ix'd  Star,  the  true  place 
may  be  at  laft  certainly  had.  RUciolus  is  for 
ullng  Sirius  inftead  of  Venus,  which,  as  he  fitys, 
ftines  fo  bright  as  about  the  Equinoxes  is  vifible 
above  eight  minutes  before  Sun-fet  mMarchy  and 

after 


o/ Astronomy.     299 

^r  Sun-rife  in  Stfnmhsr^    But  both  Rtgulus  and 

^wrus  have  been  obfcrved  by  the  naked  Eye 

le  Meridian,  while  the  Sun  (hone^  by  che 

ironomers  of  the  French  Royal  Acadeniy  of 

iences,  even  when  the  Sun  was  elevated  ubovc 
uncertain  Limits  of  Refra^on:  Which  may 

done  every  day  in  any  of  the  brighter  FU'd 
:&  by  the  help  of  the  Telefcope, 

Proposition  XXV|. 

!^Jf/E  Hifght  of  the  Pok,  Hour  from  Noon,  and 
FLice  «/  tie  Sun  bi'wg  gi^^ti^  if  btJIMs,  the 
itudc  and  Ax^irnHtb  of  a  Star  ke  known  by  Ob^ 
fvsuon,  to  find  the  Right  Afccufion  and  Declination 
\that  Star. 

H.et  VZHO  rcprefent  the  Meridian;  [  J%.9.1 
^O  che  Horizon,  whofe  Pole  is  the  Zenith  2^1 
iJL^the  Equator,  whofe  Pole  is  F;  5  the  Star; 
(ro'  which  we  are  to  imagine  the  Vertical 
(ircle  ZSA,  and  Circle  of  Declination  FSR 
\  be  drawn.  In  the  Triangle  52  P,  there  are 
ifB-en  the  Side  2;  P,  the  Complement  of  the 
jcvation  of  the  Pole  OP,  the  Side  25,  tho 
jomplement  of  the  Altitude  of  the  Star  SAi 

f[  the  Angle  SZV,  that  the  Arc  AO^  given 
the  Azimuth,  mcafurcs^  therefore  the  Side 
,  the  Complement  of  the  Arc  R5,  of  the 
teclinarion  of  the  Star  fought  is  found;  as  alfb 
te  Angle  2P5,  and  confcquencly  its  Meafure, 
imely  the  Arc  ER.  But  the  Hour  of  the 
l^y  being  given,  the  Arc  of  the  Equator  in- 
(rcepced  between  the  Meridian  and  Circle  of 
;clination,  drawn  thro*  the  Sun,  isalfo  given, 
ifequently  the  fum  and  difference  of  the 
^exi  Arcs  are  given.  But  this  fura,  if  the  Sun 
Star  be  on  different  fides  of  the  Meridian  ; 
;rence,  if  on  the  fame,  is  the  difference 
Right  Afcenlions  of  the  Sun  and  Star, 

And 
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And  the  Sun's  Place  being  given,  its  Right 
Afcenfion  tby  ?rof,  20.)  is  given  ;  confequencly 
the  Right  Afcenlion  of  the  Scar  fought  is  alfo 
become  known. 
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Proposition   XXVIL 
O  find  she  Longitude  and  LaUttid<  of  a  ^iveii 

Star, 

In  Figure  lo,  let  E  ^  reprcfent  the  Equator, 
whofe  Pole  is  P;  EC  the  Ecliptic,  whole  Pol« 
is  B ;  the  Point  E  the  common  interfeiflion  of 
thefe  Circles,  the  beginning  of  Y  or  zGt  j  S  the 
given  Star,  thro'  which  the  Secondaries  BS  Lp 
TSAy  of  the  Ecliptic  and  Equator  are  to  be 
i/nagined  to  pafs.  And  chc  great  Circle  TB^C 
Connc(^ng  tnc  Poles  is  the  Colure  of  the  Sol- 
Itices.  Let  A  S  the  Declination  of  the  Star  bo 
found  (by  Prop.  18,)  then  you  will  have  its  Com- 
plement VS^  and  (by  Prep.  2;  or  25-)  EA  the 
Right  Afcenlion  of  the  Star  fat  leaft  from  the 
given  Afcenfion,  the  Right  Afcenfion  EA  will 
be  given,.)  from  whence  you  will  have  its  Com- 
pliment^//, and  the  Angle  ^P^,  whofe  mea- 
fure  it  is.  Therefore  in  the  Triangle  B  ?Sj  there 
are  given  the  Side  P  5  and  the  Side  P/?,  namely 
the  diftance  of  the  Poles  of  the  Equator  and 
Ecliptic  equal  to  the  Obliquity  of  the  larteri 
together  with  EPS,  the  Angle  contained  by 
them ;  the  Side  BS  therefore  is  known,  and  con- 
fequently  its  Complement  S  £,  the  Latitude  of 
the  Star  fought.  The  Angle  PBS  alfo  will 
be  found,  or  CBL  the  next  to  it,  and  its  mca- 
fure  the  Arc  C  L,  and  therefore  its  Complement 
L  E.  But  this  Arc  either  is  the  Longitude  itfelf, 
which  is  fought,  or  its  Complement  to  one, 
two,  three  or  four  Quadrants. 

In  like  manner,  by   the  fittiation  of  a  Star 
in  refpcci  of  the  Ecliptic  being  giveii^  its  Htua- 
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in,  in  regard  of  the  Equator  will  be  decer- 
Hied. 

V  Proposition  XXYIIT. 

1|^  H  E  LongltuJc  ftnJ  Latitude  of  two  Statty  and 
it      the  Dtjhmcc  of  the   third  from  both   being 
pew,  to  find  the  Place  of  that  third, 
I'Let  CED  (in_/%.  ii.)  reprefenc  the  Ecliptic, 
Jhofe  Pol^  is  P ;  -^  and  B  the  Scars,  whofe  Lon* 
itudc  and  Latirude  are  given,  thro'  which  let 
Circles  of  Larimde  P ^ C,  PBD  be  ima- 
led  CO  be  drawn:    The  Arc  of  the  Ech'pcic 
is  the  meafure  of  the  Angle  CPD,  con- 
led  under  them,  the  difference  of  rhe  given 
igitudes,  and  confequently  is  given.    In  the 
iangle  APB,  the  Sides  PA,  PB,  the  Com- 
;ments  of  the  Latitudes  C  ^,   D  B,  and  the 
hghiAPB,  being  given,   the  Side-'^B,  and 
jigle  PBA  will  be  found.    Again,  in  the  Tri- 
|lglesyf5^,  all  tfie  Sides  being  given,  namely 
U,  S  By  the  diftances  of  the  Scar  S  from  the 
fro  Stars   A  and  B  being  given,  and  AB  be- 
Ig  firft  found,  the  Angle  ABS  will  be  found, 
bd  confequently  SBPy  the  difference  of  this 
|d  PBA  found  before:  Andlaftly,  in  the  Tri- 
Bgle    SBPy    two  Sides    B  P,    BS^    with  the 
ingle  SBP  contained  between  them,  being 
ivett,   PS  will  be  found,   and   confequently 
s  Complement   E  S,     namely   the    Lacicude 
f  the   Scar  5;    and  the  Angle  BPS,  and   its 
kre  DEy  namely  the  difference  of  the  I.on- 
Uudes  of  the    Stars  B  and  5,    to  be  added 
>  the  Longitude  of  the  Star  By  that  the  Lon- 
itwde  of  the  Scar  5  may  be  had,   if  PSE  be 
lore  to  the  Eaft  than  PB  D  j  but  to  be  fubtra- 
fed,   if  more  to  the  Weft.    There  arc  other 
ifes  of  this  Problem,  according  to  the  vari' 

ous 
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ous  ficu^cion  of  the  points  A  and  5>  bat  they 
are  folved  after  the  fame  manner. 

And  after  the  fame  manner,  if  the  ntuation 
of  the  Stars  A  and  B  In  rcfpe<^  of  any  other 
Circle,  for  inllance  the  Equator,  be  givcaj 
tliit  1$,  if  their  Right  Afcenfions  and  DecUna^ 
tions,  and  DHlance  of  the  third  from  both  be 
given;  the  ficuation  of  it,  in  regard  of  that 
Circle,  will  alfo  be  given.  And  thcfe  things 
ore  done  on  the  Earth  after  the  like  manner* 

Proposition  XXlX. 

TO  defcribe  the  Method  of  mating  a  Catabgtti 
of  the  Fix  d  Stars  I  a?tdtogive  an  Account  #/" 
ihe  chief  Peffons  who  have  donejo^  and  the  methods 
they  ufed  j  and  to  mate  a  Cehfiijl  Olobe, 

Let  every  fingle  Scar  of  a  Conftellation  be  de* 
fcribed  in  order,  according  to  the  place  it  has 
in  the  Conftellation ;  and  over  againft  each  fct 
down   the    Longitude   and    Latitude  thereof| 
found  by  Trcp.  27,  and  then  annex  its  Magni- 
tude.   If  there  be  feveral  Stars  in  the  fame  pare 
of  the  Conftellation,  (for  inftance,  in  the  head 
or  the  handj  let  them  in  the  defciiption  be  di- 
ftinguiftied  into  Northern  and  Southern,  and 
Into  fuch  as  precede,  are  in  the  middle  or  fol- 
low; where  fuch  as  are  fituated  toward  the  Weft 
are  faid,  by  fuch  as  follow  Vtolemy^  to  precede} 
or  fuch  as  poffefs  the  preceding  parts  of  the 
Zodiac,  u  r.  nearer  to  the  beginning  of  Aries  j 
thac  is,  fuch  as  precede  in  the  Diurnal  motioi 
They  are  alfo  diftinguiftied  by  fomeby  the 
ters  of  the  Alphabet  annexed.    If  there  be 
remarkable  Star  in  the  Conftellation^  which  bat 
a  peculiar  name,  this  name  alfo  is  pac  down  ^ 
as  At^urus  in    Bootes,   Rsgnlas  in  Leo,  Syr'ms    , 
in  the  Great  Dog,  &c.     After  the  Stars  propcf 
to  each  Conftcllauon,  the  unformed  Scars  about 
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annexed,  defcribed  after  the  like  man« 

ly  the  nearnefi  of  this  or  that  part  (sbont 
they  ftand,)  together  with  their  Longi- 
!e.  Latitude  and  Magmtude. 
The  firft  that  attempted  lo  reduce  nil  the  Fit- 
Stars  into  a  Catalogue,  and  determine  cheie 
!s,  was  Hifparcbus  of  Rhodes,  about  1 20  Years 
:e  Chrift,  who,  in  ?llny%  judgment,  i-n-f/] 

a  thing  that  God  bimfelf  did  not  apfrove  ofy  to 
\€  numhtY  of  the  Stars  for  fofierhy^  and  rtduci 
ito  a  Standard,    Tho'  'tis  certain  from  ?to* 
that  Tymochans  and  Arlfiyllus  left    fdVeral 
■vacions  about  this  matter,  made  1 80  Years 
*e  Hrppitrcbur,     AfemUus  alfo  the  Geometri*, 
in  the  firft  Year  of  7'rajan^  obferved  Ibms 
le  places  of  the  Flx'd  Stars  at  Rome.    Afte^ 
;,  C/.rM/^i//x  Pfo/tfwj,  about  che  i4o^hYearof 
(Ift,  began  to  obfervc  and  commit  to  Wri- 
5,  fome   things  about  the  progrefs  of  tho 
pd  Stars  in  confeejuentia  \  the  Catalogue  of//^ 
Ansy  which  rifes  to  1026  Fix'd  being  ftiil  reU 
fed  in  regard  of  the  place  as  to  longitude 
L  Latitude  ^  nor  have  we  any  Obfervationi 
he  Ancients  bcfidcs  thefe,  which  are  deliver- 
\o  us  by  Ptchmy,     Albategnins  the  Syr'snn  has 
le  the  fame   about  the  88o^J>  Year    aftcffi 
Hft  :  For  ia  the  Bgok  that  he  has  given  thd 
Bof  the  Sclefsoe  of  the  Starsy  Chap,  ya,  Pag; 
L  he  fays  that  he  has  added  11  degrees  and 
fand  a  third  part  to  the  places  in  which  hd| 
pd  them   to  be  defcribed  in  VtoUm/s  Booki 
k  neither  the  Terftjn  nor  Alfhonfine  Aftrono- 
B,  nor  Cofernscusy  who  is  later  than  any  o( 
m,  obferved  all  the  Fix'd  Stars,  but  rcftcd] 
led  with  the  Catalogue  oi  Hlffnrchusy  onlyj 
ig  in  the  refpe6tive  Catalogues  the  portion' 
tc  Motion,  which  was  made  in  the  meanl 
from  them  all  j  of  which  we  fhall  fpeak 

here-*- 
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hereafter.    Copernkus  reckons  the  Longitudes  ol 
alt  the  Scars  fromthe  preceding  of  tl\e  two  in  ihe| 
Ram's  Horn,  which  he  calls  the  Firjt  pfaO,  an" 
which,  by  confequence,   are  the  fame  in   all 
Ages,  tho  the  Longirudc  of  this  firfl:  Stai  fro: 
the  Equinodial  point  continually  increafcs, 
All  thefe  Aftronomers  in  the  determininj 
Places  of  the  Fix'd  Stars,  for  the  moft  ^ 
made  ufe  of  an  Armillary  Sphere,  or  a  part  oi 
it,  fwhich   they   called  an  AjhoUbcJ)    Its  dc- 
fcription  may  be  feen  in  Chap.  i.  Book  ^.  of  the 
Guat  Cofifirutiion.     This  Inftrumcnt  being  fittei, 
to  the  latitude  of  the  Place  and  the  Cardinal! 
points  of  the  World,  they  placed  the  Armillaof, 
Hoop  reprefencing  the  Ecliptic,  in  chc  day  time,* 
by  the  help  of  theSun's  Rays,  (whofe  place  they 
knew  by  the  Theory  of  it,)  infuch  a  fuuacion  as 
the  Eclipcichad  then,  in  regard  of  chat  Horiy.on; 
then  they  obferved  the  place  of  the  Moon  in 
the  Ecliptic,  by  the  help  of  a  movable  Circle  ot 
Latitude  in  the  Aftrolabe.     The  next  Night, 
by  the  help  of  the  Moon,  (whofe  place  found 
before,  they  correfted  according  to  its  moti- 
on performed  in  the  mean  while,)  they  placed 
this  Zodiacal  Armilla  in  fuch  a  fituation  si  waj 
agreeable  to  the  prefent  moment  of  time,   f  a« 
before  they  had  done  hitkht  ttiediation  of  thtf 
Sun^  }  thus  they  obferved   the  Longitude  of, 
each  Star  reckon  d  according  to  the  Ecliptic,  as 
they  had  before  obferved  in  the  day  time  the 
Longitude  of  the  Moon  (looking  along  the 
moveable  Circle  of  Lacitude,J  and  its  L^itittidd 
by  the  help  of  a  moveable  Sight  in  the  faid  Cir- 
cle,    You  may  fee   this  method  of  Obferving, 
fully  defcribed  in  Chap.  4.  Book  7.  of  the  Grt4i 
Ccnfiru^I-r     '  '^  and  in  Cbapr^I^.  B. 

Cepcr^sic*  i^ 
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'  the  Ancients  thought  the  Moon  v/as 
Ay  neccffary  to  determine  the  places  of 
Ts  in  refped  of  the  Equinodial  and 
il  points,  and  together  wich  thefc  the 
igacious  Copernicus,  Chap,  t^^  B.  2.  faya 
'br  without  her  there  would  he  no  ivfiy  ;tf " 
nd  the  places  of  the  Stars^  bcaiufe  fire  a* 
hem  allprittakes  of  Day   and  Ntgbi  :   But 

in  a  Book,  which  he  entitles  Srtppie- 
•Almanack^(^2ikti  he  had  told  us  that  tho 
:ars  were  to  be  compared  with  the  Moon 

a  Lunar  Eclipfc,  becaufe  the  Moon's 
1  refpe(^  of  che  Sun^is  a:  fach  a  time  bell 

becaufe  oppofice  to  the  Sun's,)  yery 
Ifubfticutes  Venus  inftead  of  the  Moon 
rffair,  becaufe  {he  is  both  a  day  and  a 
jtar,  and  has  fome  other  advantages^ 
rt'd  in  the  SchoL  of  Trop,  25*. 
next  after  Hlpparchusy  chut  obferved  the 
(tars  rhemfelves  a-new,  was  Ulugb  Bcjj^j^ 
mdfon  of  Tamerlane  the  Great.  He  fays 
*reface,  that  he  obferved  all  chac  could 
rvedjbefides  27  in  the  South.  This  Princd 
out  1449,  and  fet  down  in  his  Catalogue 
ared  into  Latin  by  Mr.  Tbo,  Hyde)  the 
Qces  for  the  Year  of  Chtift  14^7. 
itigchin  the  i6^^Century  appeared  thc^r- 
lat  Age, the  immortal  Tycho  Br^ihe-who  by 
igable  labour  and  pains  obferved  a-frefh 
Fix'd  Stars  that  are  cafily  fcen  above  the 
n  oiUraniburgb.    And  at  the  fame  time 

the  moft  illuftriou5  Landgninje  of  Heffc^ 
ted  the  fame  great  Work  at  Cj^i/,  and 
is  Mathematicians  Rothman  and  Bpgi.jj, 
ied  in  it  for  above  ;o  Years.  He  fought 
1  Longitude  and  Latitude  of  the  Fix'd 
y  Calculation,  from  che  Right  Afeenliort 
jclinanon  firft  obferved  by  the  method  in  ' 
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Trcf.  17  ;  as  Tycho  affures  ns  in  Cbaf.  4.  Fart  I. 

Vr.^j^ynm,  fag.  147  ;  tho'  he  does  noc  incirely  ap- 
prove of  ir,  becaufe  ef  the  difficulty  of  reckon- 
ing the  time  exaftly  from  Noon,  which  cho' 
often  times  tried  by  himfelf,  by  making  Clocks^ 
and  other  ways  defcribed  in  die  before  quoted 
Ch.  of  the  VrogymnafmatHy  yet  never  fucceeded 
according  to  his  wiflies.  But  iho'  the  Obfervaci- 
ens  of  Che  Prince  don't  excend  to  above  400 
Fix'd  Scars,  and  were  made  by  fmallcr  Inftm- 
mcfits,  yet  Hcvelius  in  Tro*I,  Alfro>  prefers  them 
to  the  labours  of  Tycbo  himfelf.  becnife  in  hi* 
opinion,    rhe   Prince  and   his  V  s   ufcd 

more  diligence  than  Tycho  and  iu^,  i^,.ow  Ob- 
fervcrs.  fhe  Prince  afterwards  performed  this 
buiinefs  by  the  help  of  Venus  i  but  Tycho,  tho' 
in  p^.  146.  B,  I.  Frogymn.:fyfT,hQ  charges  Cardan 
with  an  error  in  fetchng  the  place  of  the  more 
Southern  and  Bright  Star  of  the  Scales  of  Libra 
by  Venus,  greater  than  it  is  in  the  Alfbonfiw 
Tables'^  neverrhelefs  confeiTes ,  that  it  arofc 
from  hence,  that  the  firnacion  of  Vern^:  was  not 
at  that  time  well  determined  by  Numbers; 
And  he  himfelf  ufcs  Venus  for  the  fame  purpcXe, 
after  the  manner  defcribed  in  Vfop.  2f.  Inftead 
of  a  Zodiacal  Armilla  ufed  by  the  Ancients  in 
obferving  the  different  Longitudes  of  the  F«c'd 
Stars  and  their  Latitudes,  Tycho  for  very  good 
reafcns,  fahrtiruced  the  ^Equatorial  ArmtUa 
by  which  he^  might  obfervc  the  differences  01 
the  Right  Alcenfions  and  the  declinations  out 
of  ti.e  Meridian,  the  Meridian  Altitude  being 
always  made  ufe  of  to  confirm  rhe  others*  Ail 
the  other  cautions  which  this  moft  diligent  Ob- 
ftrver  took  in  this  Affair^may  be  fecn  in  Ch/f.  2 
^.  2.  Prfigymn,  The  Places  of  fomc  of  the  Fix^d 
Star*  being  once  laid  down,  found  by  c! 
ihodi  already  delivered,  he  determined  c: 
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of  the  othcrStars  which  wcfe  near  the  Eclip* 

orI:quacor,afcerthe  manner  related  inProp.24. 

fought  the  Right  Afcenfion  ofany  unknown 
[ar  by  two,  whofe  places  were  already  verified^ 
id  if  the  Right  Afcenfions  of  the  fame  Star 

IS  found,  were  a  lictle  different  from  one  a* 
fcther,  he  always  took  the  mean  for  the  true 
"le  without  any  hcfitation:  Afterwards  from 

Right  Afccnfion  and  Declination  of  a  Stac 
I  computed  its  Longitude  and  Latitude,    As 

the  Stars  about  the  Poles  he  deduced  dierti 
►m  the  former  by  the  the  Praxis  dcfcribed  in 
9p.  28  j  tho*  he  verified  the  Place  thus  found 

obferving  its  diftunce  from  a  third  FixdStar 
determined.     And   univerfally,  he  never 

led  fatisfied  with  the  Place  of  a  fix'd  Star 
rcrmined   only    by    one     obfervation  ;    but 

;h  of  rhem  by  the  methods  defcribed  before, 

his  Equatorial  Armilla,  and  by  the  Praxtt 
down  in  Pr/?^.  2;,  making  ufe  of  the  beft 

ycks  for  mcafurlng  che  time^  Quickfilver  and 
fed  being  Chymically  reduced  into  powder, 
p  fhewing  the  time  by  its  running  thro'  a 
He  hole ;  all  which  you  may  fee  accurately 
fcrib'd  in  the  Vrogymnafm.ita. 
Tychos  Catalogue  of^^f  Fix'd  Stars  made  with 
tn  Care  and  diligence  as  this  for  che  Year 
bo,  and  taken  from  the  Heavens  thcmlelves, 
laft  came  forth,  in  the  Year  16 10,  in  rifiron^ 
fauT,  Vrogymnafpt*  And  afterwards  in  che  Year 
fe7,  copied  into  the  RuJMine  Tables,  and 
fcreafed  by  22;  Stars  from  lonrt  other  obfer- 
Kons  of  Tjcbo;  fo  that  this  Catalogue  in  the 
\lolphine  Tables  rifes  to  the  number  of  a  thou- 
Id  Stars.  Kepler  has  added  a  feeond  Clafs  of 
Ked  Stars,  that  Tjcbo  left  out  of  the  ancient 
Italogue  of  Hfpparchtis,  repeated  and  corre<f^ed 
^  Ttolewy.  and  calls  them  Semi^Trcbonic :  He 
X  a  fub- 
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fubjoins  a  third  containing  iz  Celeftial  Images, 
which  arc  inviftble  in  our  Northern  tcmperaw 
Zone.  Thefe  he  has  put  into  his  Catalogue, 
being  named  by  the  Portuguefcy  and  corre&diby 
PtUr  Thtoderu  'Tis  generally  reported  that  thelb 
Southern  Gonftellacions  were  afterwards  ob« 
ferved  by  one  Frederick  Houtman,  a  Dutchman^ 
and  the  CeUfiial  Globe  of  Bleau  correAed  accord^ 
ing  to  thofe  Obftrvations.  But  the  Celebciated 
Mr.  Edmund  Halley  was  the  hrft  that  took  that 
pains  about  them  as  became  an  Aftronomer^ 
while  he  was  at  St.  Helena,  and  publifh'd  a  Ca-' 
talogue  of  jfo  Southern  Fix'd  Stars  to  the  Year 
1677  compleatj  which  isatTUcSufplementtoTycbcs 
Catalogue.  He  obferv'd  the  Diftances  ^f  the 
unknown  Southern  Stars  from  fome  o^Tycbo^ 
and  calculated  their  places  from  the  afliimed 
places  of  fome  of  th&Tyehonk  ones  (by  Trof.  28,) 
adding  alfo  the  diftances  themfelyes^  which  he 
had  oblerved. 

The  next  after  Tycho,  that  prefented  the 
World  with  an  intire  Catalogue  of  the  Fix'd 
Stars  of  his  own,  was  jR.  P.  Ricciolta,  in  ^Jlron. 
Reform,  Uk^.  to  the  Year  of  Chrift  1700  com- 
pleat.  But  this  Catalogue  containing  as  many 
Stars  as  Tychos,  is  taken  from  TycboSy  excepting 
in  loi  Stars,  which  are  all  that  he  had  obfer^ 
ved  in  the  Heavens.  In  the  others^  he  recedes 
fl  little  from  Tychoy  and  has  copied  Tycbos 
manifeft  errors  into  his  own,  retaining  at  the 
fame  time  fome  Stars  as  were  really  ob^rved  by 
Tychoy  but  were  not  vifible  in  the  time  of 
Hkciolttsy  as  Hevelius  has  obferved  in  Frcdr.  Aftr. 
p.  i;;.  and  the  following. 

I.aft  of  all  came  out  a  Catalogue  of  the  Fixd 
^tnrs^  by  the  Illuftrious  Jo.  Ikvel'ms  oi  Dantz^ick, 
''ont:\nnng  1888  in  all^  namely  9J0  known 
*y  the  Ancicigs,  60}  which  he  calls  his  own, 
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fCHUle  they  were  determined  by  none  before 
mfclf  as  they  (hould  be  by  proper  Inftruments, 
id  the  ;jy  of  Mr.  Halifj,  invifiblc  in  the  Ho- 
ton  of  DantzicL  In  rhe  making  of  this  he  fo- 
tnnly  profefles  that  he  had  no  regard  10  the 
)fcrvacions  of  any  Author,  but  entered  upon 
e  work,  as  if  there  were  no  Catalogue  at  all 
being.  Nay,  he  Intirely  laid  afidc  all  other 
"  idations,  and  compofed  a-new  the  Theory 
le  Sun  and  Solar  Tables,  founded  intirely 
his  own  obfervations.  And  laftly,  he 
;rcly  declares,  that  lie  has  borrowed  nothing 
ly  body,  or  put  into  his  Catalogue  the  Place 
le  fuialleft  Star,  that  he  himfelf  had  not  ob- 
;d  by  his  different  Diftances  and  Meridian 
Icudes- 

rt"i;c///<f  drew  up  two  fuch  Catalogues,  the 
ft  or   larger,  containing  as  well  the  Longi- 
Jes  and  Latitudes,  as  the   Right  Afcenfions 
i  Declinations,  co  the  Year  ofChrift  1660 
tnpleat ,  to  which  are  annexed  the  Places  as 
.ongicude  and  Latitude,  reduced  to  the  fame 
ir,  of  the  FiK  d  Stars  obfervM  formerly  by 
Brabsf  the  Prince  of  HcJJe^  Ricciolui,  Ultfgh 
\b  and  Vtolcwy ;  the  fecond  or  lefs,  exhibiting 
Places  of  the  fame  Fix*d  Stars  as  to  Longi- 
le  and  Latitude,  to  the  Year  of  Chrifl,  1700 
inpleat ;  to  which  he  has  annexed  Mr.  fLIUys 
■aloguc  cf  the  Soutltcrn   Stars,  panly  corrcded 
to  their  Longitude,  from    obfervations  at 
ntxick,  and  reduced  to  the  fame  time:  So 
It  the  larger  Catalogue prefents  us  at  the  fame 
l^with  the  Catalogues  of  all   his  Prcdecef- 
f  ;  by  which  means  it  is  evident  at  iight,  how 
the  obfervations  of  them  all,  agree  or  diC- 
ree.To  thefe  he  fubjoins  a  Table  of  the  Right 
i:cnfion  and  Declination  of  fcvcral  Fix'd  Stars 
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to  che  Years  of  Chrift  t66o  and  1760,  with 

their  differences  for  that  hundred  Years. 

By  che  help  of  fuch  a  Catalogue  of  the  Fix'4 
Stars  as  this,a  CeleftialGlobe  may  be  eaf»:y  made: 
For  the  Ech'ptic  and  its  Poles  being  marked  out 
upon  the  furface  of  che  Globe,  Ice  the  places 
of  the  Fix*d  Stars  taken  out  of  the  Cata- 
logue be  in  like  manner  marked  our  according 
to  their  Longitude  and  Latitude  in  r^ard  of 
that  Ecliptic,  draw  alfo  the  trafi  of  the  Milky 
Way,  thro'  the  places  of  the  Fix'd  Stars,  thro* 
which  it  pafles  ,*  and  add  the  Equino6iial  Cir- 
cle, cutting  che  Ecliptic  in  che  point  alTumed 
for  che  beginning  of  che  the  reckoning,  and  the 
opptiJlte  point,  and  duly  inclined  co  ic^  as 
aJfo  lee  che  Pclar  Circles  and  Tropics,  and  the 
other  neceifarics  be  added  *  of  which  we  have 
fpoken  before  in  Prop,  xj*  And  to  this  very 
purpofe  did  Ht^eilus  defign  his  lelfer  Catalogue, 
and  from  hence  did  he  deduce  his  Ur^nogf^fbj 
or  Tables  of  all  che  Stars  drawn  upon  a  Plane, 
which  was  publilh'd  in  the  Year  i69o,under  tlie 
Ti  le  tf  che  Firmdmcnt  of  Si.b'mkL  For  they  dif- 
fer no  more  from  a  Celeftial  Globe  than  Maps 
do  fr  m  the  Terreftrial.  Ti  ''  "  ?;rapbic 
Schemes  of  che  Conftollation>  .ited  in 

TLfiOj  juft  as  if  the  convex  part  of  the  Heavens 
were  feen  by  us,  as  ic  is  in  the  Artificial  Globe, 
as  was  ufual  among  fuch  as  went  before  him, 
and  made  Catalogues  oftheFix'd  Star«»  He 
fays  thai  Bayer,  who  in  his  Uranometry  attempt- 
ed che  contrary,  thougbiltfy  inv^rtfJ  all  ibeSurs] 
and  char,  hy  hh  Figures  he  dU  b»t  JiforJif  the 
^i^bole  bujrnffs  of  the  Hta^em ;  and  th:"V  ^  rhi 
Stars  which  are  placed  nn  iht  Ufi  band  in  [-a^ 

appear  en  the  right  hiwd. 

The  making  of  a  Ccleflial  Globe  by  Hcvtii- 
u/s  Firmimtnt  is  much  eafier,becaufc  the  Eigxires 

of 


DokIL         of  AsTKONOliY.       J  I  I 

^he  Conftella  ions  are  very  apdy  ddinearcd 
(It,  together  with  the  Milky  Way,  and  its 
rent  Streams  as  it  were.  But  wc  arc  to 
&  the  moft  ample  Catalogue  of  the  Fix'd 
rs  from  Mr.  FLmfifeiTs  ObllrvaiionSj  which 
e  been  continued  for  fcveral  Years  vvich  this 
jjw,  and  made  with  large  Inftrumcnts,  and  at 
p  fame  time  very  fit  for  that  purpofc. 
f  Proposition   XXX. 

to  gs've  an  account  of  fame  ofrhe  wore  remt'rt^ 
ahk  Changes  as  have  htiffend  among  the  Fix'd 
/. 

o  long  ago  a$  the  Age  of  Hifparchus,  a  new 
f  appeared  among  the  Fix'd  ones.     And  this, 
Unj  informs  usjwas  xhereajonvjby  nipp:^rchus 
{p^w  numhtring  the  Fix  J  Starsfor  the  uje  of  Pcjfe^ 
and  reducing  them  tofomt  RuU^  halving  invented 
In^ruments  for  okfcrving  the  PLces  siid  Aiagn't- 
fesof  each  i  fo  that  straight  ct^fdy  be  knownhy  tbisy 
Wcnly  whttber  they  p€rijl)ed  cr  bjd  u  heghxnwg,  hut 
ttber  any  at  aH  fi-jjcd  away  or  bad  any  Motion  i 
^Ifo  whether  they  increafed  or  decreafidy  the  Hea~ 
s  being  left  in  cowmen  to  them  all. 
nd  tho'  Ricciolus  reckons  no  lefs  than  fix 
Stars  between  this  and  that  famous  one, 
ch  appeared  in  Ca/Jiopeia  in  the  Year  ipz; 
It  fmce  thej'  were  either  fcarce  obferved  ac  all, 
>by  Perfons  not  over-skill'd,  there  hardly  re- 
nins any  thing  to  be  faid  of  them.    . 
'This  new  Star  in  CaJJiopeia,  a  rival  to  the 
geft  in  the  Heavens,  nrft  appeared  about 
beginning  of  N^pvewi'fr,  in  the  Yenr  i^l^y 
continued  until  March  in  the  Year  1^74* 
,  juft  as  that  of  Hipp  ncbusj  Was  the  occafion 
•cho's  obfervin^  the  Fix^d  Stars  again,  with 
and  large  Inftiumcnts  j  as  he  informs  us 
felf  in  the  Frogymnajm,  where  he  treats  ex- 
y  of  this  Fix'd  Star. 
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In  Juguji  1^96,  David  Fubrkius  difcover'd  a 
New  one  of  the  ;**  magnitude  in  Cetus,  which 
dlfappcared  abouc  two  months  after. 

In  the  Year  1600  a  New  Swr  appeared  in  the 
brcaft  of  Cygnus,  firft  feen  by  others,  but  af- 
terwards by  Ktflcr  himfclf,  who  has  wrirren  an 
Aftroncmical  account  about  it.  This  continu'd 
of  the  fajnc  magnitude  viz*>  the  ;**  until  the  Year 
i6f9,  as  Hcvelius  aflTures  us ;  (who  had  ob- 
ferved  it  from  the  Year  1658,  with  large  In* 
ftrumentsj  but  from  the  Year  16^9  it  knfibly 
decreafed ;  and  about  the  latter  end  of  tho 
Year  1661,  it  intircly  difappeared.  Yet  five 
Years  after,  namely  in  Sfptember  x666,  Htudius 
cbferv'd  it  again  with  his  naked  Eyes,  of  the* 
7«^  6r  6^^  magnitude,  retaining  the  fame  place' 
in  the  Heavens  precifely. 

In  the  Year  1604,  atout  the  beginning  of. 
Ochkr^  a  New  Star  was  feen  in  the  right  Vooc 
of  Serpentarius,  which  appeared  bigger  than 
Jupiter  and  aTmoft  equal  to  Venus :  Ic  continu- 
ed a  whole  Year  ;  becaufe  ic  was  not  feen  af- 
ter OUobcr  in  i6oy.  Concerning  this  KtfUr  has 
written  a  Book  full  of  Aftrological  and  Phyfical 
difputes. 

Ic  was  the  Milky  Way  that  prcfcuted  us 
with  thefe  three  New  Stars,  namely  in  Caflio- 
pcia,  Cygnus,  and  Serpentarius;  it  has  there- 
fore on  that  account  been  called  by  fome,  di« 
Fund  of  new  Stars. 

There  have  been  fome  other  New  Stars  ob-- 
ferved,  namely  in   the  Year  i6iz.  that  in  the 
belt  of  Andromeda,  by  Simm  M^rm?^  who  is  tho 
Author  ot  the  H'orid  of  Juphcr^Vifxd  another  in 
Antinou^  by  Jttfitts  Byrglus  and  others. 

In  the  Year  1658,  John  Phot/Hides  Hf^lunisrJa 
of  Frantjucr  obferved  a  New  Star  in  theWhalc's 
ncckof  the  3**  magnitude,  or  bigger.    How  k 
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ipeared  every  Year,  and  then  appear'd^  buc, 
ilways  exadly  at  the  fame  time,  (tho'  Bul-^ 

thinks  otherwife,)  and  afterwards  wi 
fible  for  four  Years,  is  fully  evident,  from) 
.Hiftory  of  it  written  by  He^elius  and  an- 
ted to  his  Mercury,  and  from  his  CliMaBitle 
r.  Mr.  Caffim  has  found  by  Obfervation,  that 
>*fame  Phafes  of  this  Star  return  at  the  end 
|;o  days ;  but  fo  as  that  this  return  is  fome- 

rs  retarded  or  anticipated  by  i  j-  days.  This 
feems  to  be  the  fame  with  thar^  which  Fj* 
fus  obferved  in  the  Year  x6izj  for  their 
fees  are  the  fame. 

{n  the  Year  r67o  in  Julyy  HevtUus  difcovered 
Sew  Star  of  the  %^  magnitude  under  tho 
iln's  head,  and  in  lus  Catalogue  reduces  it  to 
l^ulpecula  J  but  it  was  Icflen^d  fo  much  in  a 
Irt  fpace  of  time,  that  about  the  end  of  Au- 
f  1671  it  was  intirely  extinguilhcd  :  Buc 
tt  March  it  appeared  again,  at  firft  like  a  ve- 
Bmall  Star,  but  by  degrees  it  increafed  to  one 
|he  third  magnitude,  and  afterwards  grew 
fagain  fenfiblyas  it  did  before;  and  in  Sef^ 
Vtr  1672,  totally  difappeared^  and  was  feen 
more. , 

Hot  only  NewFix'd  Stars  now-a-days  make 
]x  firft  appearance,  but  others  of  the  fixth, 
3  and  fourth  magnitude,  known  by  the  An- 
Qts  and  obferved  by  Tycho,  have  incirely  va- 
icd,  inftances  of  which  may  be  frequently 
t  with  in  the  CAtnlogns  of  Hevelias.  He  him- 
mencions  four  in  Trod,  Jftr,  namely  a  Star  in 
left  thigh  of  Aquarius,  the  conciguous  one 
ceding  in  the  Tail  of  Capricorn,  the  fecond 
he  Belly  of  the  Whale,  and  the  firft  of  tha 
brmed  ones  after  the  Scales  of  Libra, 
ere  are  alfo  other  Obfervations  which  have 
n  made  about  them  by  the  French  Aftrono- 

mcis. 
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lers.  And  even  fome  confidcrable  Fix'd  Stars  o: 
ic  fiiftj  fecond  and  third  m;^gnitude  are  foun< 
alter  their  brightnefsand  magnicudefenfibly 
is  evident  from  the  difFerenc  fentimencs  o 
'Authors  about  Stars  of  the  firft  andfecond,  oi 
of  the  fecond  and  third  magnitude.  That  Pofte^ 
rity  may  be  more  capable  of  Judging  about  ch< 
change  of  the  more  confiderable  Fix'd  Stan^ 
with  greater  eafe  and  lefs  miftake  ;  Hcvdius 
his  Vrodrotnus  has  drawn  up  feveral  things  tend* 
ingrothat  purpofc  obferved  by  hirafelf. 

I  pafs  over  other  changes  in  the  Fix'd  Star* 
obferved  by  the  help  of  a  Telefcope,  fuch  as 
are  thofe  faid  to  be  difcovered  latelv  by  Mr. 
Oifmi ;  namely  that  feme,  as  for  infiance,  tbd 
firft  of  Aries  and  the  preceding  head  of  Ge- 
mini, fomeciraes  appear  divided  each  into  two 
equal  to  one  another,  and  diftant  from  one  a* 
nocher  the  length  of  the  diameter  of  either  of 
them  ;  others,  as  fome  of  the  Pleiades  and  the 
middle  in  Orion's  Sword,  appear  triple,  nay 
quadruple  fometimes.  For  thefe  Ptenomena, 
befides  that  they  are  not  to  be  feen  by  the  naked 
Eyes '.  of  which  we  only  treat  at  prclent,)  feem 
to  have  another  original,  and  confcquently  are 
Co  be  conlldered  in  another  place. 

Proposition  XXXL 

Tp  0  define  the  true  frtcefflm  of  the  EjuimoBial 
*  Taints  J  or  tie  morion  of  she  Fix*  J  Stars  in  COC- 
fequenria ;  anJ  to  determine  from  a  given  Cata- 
logue of  the  Fix'd  Starsy  the  place  of  any  Fix'd  Star 
at  a  gi'uen  time, 

Hipparchtis  of  old^  as  Vtohmy  informs  us,  Ch.  i. 
Book  7.  of  the  Great  Con/trutiion,  from  a  corapa- 
rifon  which  he  made  of  his  own  Obfervations 
U'ith  thofe  of  Arifiyllus  and  Tyrfjccharis,  fu- 
fpefted  chat  the  Scars  of  the  Zodiac  had  a  mo- 

cioa 
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in  confcsfuentia  :  But  Vtolcmy  from  a  compa- 

of  the  Obfervations  of  Hlfp^rcbus  and  of 

%y  with  his  own,  has  exprcfly  afTcrtec?  it  of 

jjh  aU»  and  thai  it  1.5  made  in  Circles  paialid 

^e  Ecliptic;  which  he  proves  infcveralof 

[more  confiderable  Fix'd  Stars,  Chap,  2, and 

^comparing  iheir  p'aces  in  regard  of  the  E- 

iror  obf.rved  by  fuch  as  lived  before  him  and 

himfclf.     And  he  finds  ch;K  this  progrcffive. 

don  IS  one  degree  in  an  hundred  \ears.  Aw 

nius  ijom  the  places  of  Ktgulns    cbfervcd 

demlus  and  himfelfj  ac  thediftancc  of78y 

s,  gathers  in  Chap,  yai  of  his  B'ok  of  the 

UJgc  of  she  Sttrsy  that  the  motion  or  the 

y  Stars  is  one  degree  in  66  Years.    Ul^gb 

7/,  comparing  his  Obfervations  with  fuch  as 

made  a  great  number  of  Years  before, 

rmincs  in  the  Prsface  to  his   tutUjy  that  the 

d  Stars  move  one  degree  in  every  feventy 

Sr  Years.    Later  Aftronomers  comparing  the 

"ervations  of  the  Ancients  and  Modein5,an(J 

!incermcdiatc  ones  of  Albugnius  about  this 

er,  find  that  this  motion  is  equable,  quick- 

an  Vtohrny  believed,  but  flower  than  Alba^ 

uiy  and   nearly  the  fame  with  what  Ulugb 

h  alligns.     For  Tycbo  in  his  Trcgymn.  Book  r, 

ers,  that  it  is  one  degree  and  zy'  in  a  hun- 

ed  Years,  or  ji'^  in  one  Year.  Copernkusy  tho* 

looked  upon  this  motion  to  be  untqua!,made 

mean  to  be,  from  the  Obfervations  of  the 

ients  and  his  own  compared,  to  be  about 

23'.  40".  ix^^'  in  100  Years.  Rrm<»/«i  makes 

mcching  lefs,  namely  i°.  ij'.  20'^  in  that 

,  which  Mr,  FUwfieid  retains.     Street  in  his 

»nomia  Carolina  makes  ic  ftill  Icfs,  as  not  a- 

ive  i"*.  20'.     BuU'saldus  in  his  Aftrofiomia  Tbilo^ 

\ca  makes  it  1°.  24'.  ^4"  in  100  Years  ^  whilft 

cliiii  lately  in  his  Solar.  Tab.  in  Vrodtow.  will 

c  it  to  be  only  i  "•  24^  46'^  yo'"'.  For 
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For  every  Year  therefore,  forward  from  the 
the  Year  to  which  the  Caralogueis  fitted,  add 
50"  (the  middle  round  number)  to  the  Longi- 
tude of  the  Fix*d  Star  found  by  the  Tables,  and 
you  will  have  the  Longirnde  (ought :  The  Lati- 
tude in  the  mean  while  cominues  invariable^ 
fince  both  the  Fix'd  Stars  and  the  Ecliptic  in  cbc 
Heavens  are  immovablCj  and  only  the  Equator 
^originally  a  Teneftrial  Circle)  being  loofen'd 
as  it  were  leaves  its  ancient  feat.  But  for  eve- 
ry fingle  Year,  backwards  in  refpe**  of  the  gi- 
ven Catalogue,  fubtrad  jo"  from  the  Longitude 
in  the  Tables,  if  you  would  find  the  Longitude 
for  fuch  a  given  time.  But  if  the  order  of  the 
given  Ciitalogue  be  fuch,  as  that  the  Longi- 
tudes of  each  of  the  Fix'd  Stars  are  reckon 'd 
from  the  firft  Star  of  Aries,  (as  it  is  in  Cafcmt" 
cHsi  Catalogue  of  the  Fix'd  Stars,  as  alfo  Cluvt- 
us\  and  of  lome  annexed  to  the  Caroline  TMesj) 
to  the  number  of  the  Longitude  in  the  Tables, 
(becaufe  continuing  always  the  fame)  add  the 
Longitude  of  the  firft  Star  of  Aries  (which  at 
the  beginning  of  the  Year  1701 ,  according  to 
HtrueJiHs  is  29''.  00'.  j8",  and  it  is  to  be  increa- 
fcd  by  yo"  every  Year  afterwards,  but  leflened 
by  as  many  for  every  Year  before,  as  was  faiJ 
before)  for  the  time  given,  and  you  will  have 
the  Longitude  fought  from  the  Vernal  Equinox, 
calling  away  ;6o  degr-  if  the  fum  exceed 
that.  But  if  the  Right  Afcenfion  and  Decli- 
nation at  a  time  given  be  required,  what  is  pro- 
pofed  may  be  done  by  the  converfe  ot  Prep.  27, 
from  the  Longitude  and  Latitude  found  for  ri 
given  time,  as  before. 
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Section   VI. 

;crning  the  rcfolution  of  the  more  con* 
lerable  Problems  of  the  Firft  Motion  by 
^Iculation. 

Proposition    XXICII. 

O  Jeterntine  by  cbfer^vation  tUe  difference  cf 
I*  the  Mtridians  or  Longitudes  cf  tvo  Flaas  f /- 
$p&n  fbe  Surface  of  the  Ettrtb,  and  to  make  a 

ogne  of  the  m^fl  noted  Places  of  the  Ejrti?^  n'ltb 
[Latitudts  nnd  the  Differences  of  thdrAlnidiani, 
n  make  a  TerreJIrial  Globe- 
Et  any  inftantaneous  Phenomenon  (as  the 
jnntng  or  end  of  a  Lunar  Edipfe,  or  of  an 
If  fc  of  any  of  Jupiter's  Satellites,)  be  obfcr- 

)y  ObJervers  in  the  given  Places,  norixig 

lour  in  both  Places ;  The  difference  of  the 
:%  converted  into  an  Arc  of  theEquator  gives 

'ifference  of  the  Longitudes  or  Meridians 
Hit.  And  that  of  the  Pieces  propolcd  is 
Ic  toward  the  Eaft,  that  reckons  more  hoiirj 
It  Noon  j  But  if  they  reckon  the  fame,  they 
fender  the  fame  Meridian.  For  fince  the 
e  moment  of  time  has  differing  names  as  to 
|hour  in  thcfe  two  Places,  the  Noons  of 
c  Places  or  any  other  hours  of  the  fame 
[C,  will  be  as  diflant  from  one  another,  as 
different  hours  in  the  fime  Place;  and 

tquently  the  Arc  of  the  Equator  intercept- 
between  the  Meridians  of  the  Places  is  right- 
iund  by  allowing  17°  for  every  hour.  This 
^al  of  Time  is  called  the  Difference  of  tie 
idii^ns^  appolitcly  enough,  bccaufe  it  is  fo 
he  Noons. 

In 
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In  like  manner,  if  a  Clock  that  fhews  exaftly 
Che  hours  at  one  of  the  Places  be  carried  to 
che  other,  to  be  compared  with  another  fhe  win; 
the  hours  there ;  the  DifTerence  of  the  hotii 
reckoned  by  the  Clocks,  converted  into  an  An 
of  the  Equator,  gives  the  Difference  of  the  Lon 
gitudcs  fought :  For  thus,  as  in  the  former 
cafe,  you  know  the  interval  between  the  hour* 
reckoned  at  the  fame  moment  in  the  two  Pla 
ces.  For  the  Clock,  that  is  tranfportcd,  is  fup- 
pofed  to  fhew  the  hours  afcer  the  fame  manner. 
Its  it  would  have  done^  had  it  continued  in  its 
place. 

To  each  of  the  more  noted  places  that  are 
put  into  a  Catalogue,  add  the  Latitude  pro* 
per  to  ic,  exprcffed  by  the  fame  number  of 
degrees  (  by  Vrof.jy)  as  is  the  Altitude  of  che 
Pole  obferved  there  by  ?rof.  17.  Add  alfo 
in  nnother  column  che  Difference  of  the  Meri- 
dians exprcffed  by  hours  and  thtir  parrs  ^found 
by  what  has  been  faid  before^  of  the  Place  pro- 
pofed  and  of  the  Place  affumed,  together  with 
the  mark  of  Addicion  or  Subcra^lioD, according 
as  the  Meridian  of  the  one  lies  to  the  Eaft  or  to 

lii    .  ..,    1  I  _.  mc  DifFcrcn* 

ces  of  che  Meridians  beino;  given,  'tis  eafy  to 
make  by  them  a  Tcrreflrial  Giobc  :  For  the 
Poles  and  a  great  Circle  upon  them  being 
drawn  upon  a  Sphere  made  for  that  pur pcfe, 
which  will  reprefem  the  Poles  of  the  ^  -'1  ^nd 
the  JLquacor,  thro'  the  Poles  draw  a  .  ,  re- 
prefentirg  the  Meridian  of  the  Placo  (to  which 
th'  Meridians  of  the  other  Places  in  the  Caia- 
lojiue  a-e  referred,.)  and  in  it  mark  out  a  point 
dilTanr  From  this  feigned  Equator,  as  many  de- 
crees as  there  are  in  the  Latitude  of  the  Place 
ICC  down  in  the  Table  ^  and  that  point  will 

there- 
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fore  reprefent  the  faid  Place.    Any  other 

is  to  be  put  in  a  Circle  pafling  thro'  the 

,  between  which  and  the  Meridians  alrea- 

ettlcd,  there  are  as  many  degrees  of  the 

ined  Equator  (and  that  according  as  the  fe- 

|d  Place  is,  towards  the  Eaft  orWcft,)a5  there 

j^n  the  tabular  difiiercnce  of  Longitudes  found 

we;  and  as  many  degrees  from  the  feigned 

tator  towards  cither  Pole,  as  there  are  ia 

tabular  Latitude  of  that  Place.  In  like  man-* 

J  the  oiher  more  noted  Places  are  to  be 

peed  upon  the  furface  of  the  Globe.    The 

pmediace  or  lefs  noted  Places  are  fuppUed 

phe  common  Chorography,  and  Itineraries, 

ing  ufcof  the  Latitude  of  fome  for  corre- 

;  for  this  is  more  eafily  obferved  than  the 

rencc  of  Longitude.  The  Globe  being  thus 

Ifhed,  either  the  Meridian  of  our  own  place, 

ny  other  pafling  thro*  the  Azores  or  any  of 

Fortunate  IQands,  may  be  reckoned  for  the 

that  is,  the  degrees  of  the  Equator  are  to 

cckoned  from  the  interfedtion  of  it  with  the 

Meridian  (or  beginning)  towards  the  Eaft, 

n  the  other  Circles  and  neceflkry  appurte- 

ces  defcribed  in  Prop,  14.  arc  to  be  added  ac« 

^ng  CO  arc. 

Proposition  XXXIIL 

^HE  Elevation  of  the  Tole,  (be  Right  Jfctnjton 
and  Declination  of  a  Star,  or  any  other  point 
the  Hea'vens  being  g*'v$n,  to  find  its  Ajcenponal 
\rence,  and  by  that  PJeans  its  Obli^ttc  jifcenfi^n^ 

ntmance  above  the  Horix/inj  and  Eafitm  AmfU- 

aving  laid  down  in  what  goes  before,  the 
hod  of  determining  the  fituation  of  the  Cir- 
of  the  Sphere  for  any  habitation  or  place, 
id  of  finding  by  obfervation  the  places  of  the 

Scars 
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Stars  in  regard  of  the  faid  Circles  in  the  Ccle- 
ftial  Sphere,  and  the  fituations  of  Places  on  the 
Earth  in  refpcd  of  the  fame,  conlldercd  on  the 
fur-ace  of  the  Earth;  we  ought  now,  by  the  rules 
of  Method,  to  ftiew  how  to  refolve  by  calcula- 
tion fome  of  the  chief  remaining  Problems^ 
about  what  has  been  determined  and  found  out 
already,  and  according  to  their  Example  may 
any  others  relating  to  the  Firft  Motion^  be  ca-* 
fily  refolved  after  the  fame  manner. 

In  the  prefent  cafe,  let  E^(Fig,  t2.>repiia«* 
fenc  the  Equator,  whofe  Pole  is  Pj  HOR  the 
Horizon,  uhofc common  intcrfedion's,  O  and 
the  oppodce  point,  are  the  points  of  true 
Eaft  and  Weft,  namely  the  Poles  of  the  Meri-^ 
dian  P£  j^.  Let  S  be  a  Star  rifmg  or  fctting,and 
thro' it  imagine  a  Circle  of  Declination  PSA 
drawn.  In  the  Triangle  OAS  there  arc  given^ 
befides  the  right  at  ^',  the  Angle  SO  '  -^  ^fe 
meafure  is  H£,the  Altitude  of  the  Ecju  .  ,  che 
fide  J  S3  the  Declination  of  the  Star  given  ;  cpn^- 
fequently  0>:/,the  Afcenfional  Difference  fought^ 
may  be  found:  For  O  is  the  point  of  the  Equator 
that  arrives  at  the  Horizon  together  with  the 
Star;  y/  is  a  point  of  the  fame  that  arrive*  with 
it  at  the  Meridian.  This  Afcenfional  difference 
therefore  fubtradted  from  the  Right  Afcenfion  of 
the  Star  declining  towards  the  elevated  Pole, 
but  added  to  the  Right  Afcenfion  of  the  Star  dt^ . 
dining  towards  thedepreffcd  Pole,  gives  its  Ob- 
lique Aicenlion  ;  and  fo  on  the  contrary  in  thd 
Oblique  Dcfcenfion.  But  this  fame  AfcenrK)rul 
Difference  added  to  the  Quadrant,  or  fubtra^Scd 
from  the  fame,  gives  the  femidiurnal  Arc  of  ih« 
Star,  according  as  it  declines  cowards  the  eleva- 
ted or  depreffed  Pole;  And  that  c,  .to 
Time,  gives  half  the  continuance  of  t.  w  .  v  .r  a*  < 
bove  the  Horizon.  In  the  Triangle  0/^.s^th« 
fide  05  is  al(b  found,  the  Eaftern  or  Weflern 
Amplitude.                                                 By 
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?' f  refolving  the  fame  Triangle  OAS  after 
ame  manner  may  the  converfc  of  this  Pro- 
be folved ;  that  is,  the   Right  Afcehfiori, 
;linarion  and  Continuance  above  the  Hori- 
of  any  Star  or  Point  being  given,  to  find 
Elevation  of  the  Pole, 

PROfOSltlON    XXXIV* 

HE  ElevatfCn  of  tbcTote  btingghfcn^  ^f  tht 

Altttuit  tf  a  Star  be  known   ijf  obfa^vation^ 

i  Right  Afctnjton  and  Declination  are  knovn^  to 

be  nfoment  ofTsmejdnd  the  Azlmuxh  if  the  Star, 

he  fame  Citcles  of  the  Sphere  bcirtg  et- 

ed  by  the  fame  letters,  let  the  Vertical  ZSA 

9.)  be  fupbofed  to  be  drawn  thofongh 

ar  S.    In  the  Triangle  PZS^  all  the  fides 

iven  ;  namely  P2,  the  comfilement  of  the 

ation  of  the  Pole  ;  Z  S,  the  complement  of 

Itimde  of  che  Star  above  the  Horizon  ;and 

thediflance  of  the  fame  StUr  from  the  Pole, 

the  complement  of  the  Declination :  The 

pc  PZ5  therefore  is  found,  which  is  trtea- 

a  by  OA  the  Azimuth  fought  •  as  alfo  the 

|!c  ZP  Sy  whofe  meafure  is  the  Arc  of  the 

sitor  E  R.    But  the  Sun's  place  being  given, 

light  Afccnfion  is  alfo  given  :  Confcq^enc-k 

le  difference  between  this  and  the  Right 

snfioncfthe  Star,  known  alfo  by  ftippofiti-* 

is  alfo  given  :  Therefore  the  fiim  or  diffe- 

:e  of  thefe  Arcs  will  be  given  ;  namely  thef 

of  the  Equator  intercepted  between  the 

Jdian  F  E  H  and  the  Circle  of  Declinatiort 

rn  thro'  the  Siin,    which  converted   into 

I,  gives  Che  time  before  or  after  Noon,  ac- 

ling  a*  the  Sun  is  to  Eaft  or  Weft  of  it.        * 

bu  will  have  the  fame,  if  inftead  of  the  Al- 

Ic  of  a  Star  its  Azimuth  be  known  by  ob- 
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■Proposition    XXXV. 

THE  Ltrngi^ndt  eftheVlace^  the  Hour  of  n 
(iiij/f  rmJ  fbe  Sirnt  f  .to  ds^ 

retm'mc  tUfifHatkm  »ftbi  i— ..^...  .  -    .,/-•    ^f  ^^ 
Horiz^ft;  f  if  at  is,  to  find  iht  jittgkofrht   EcUftic] 
^r.dH  rtbeAltittidt  of  tb: Nonage firn  degrtecj 

the  E  ^ .  .  ,  :/«  tbt  rlfin^  jfcint  ahrut  the  Horiz^vn^). 
tbirifingfolnt  of  tbt  Ediftic  {and  from  thence  tk^. 
N  '  y  degree)  and  the  poifft  of  the  Horiz,on,tt$] 

%■    ■  Elliptic  intcrfeffsit. 

Things  remaining  as  before,  let  S  be  rha 
Sun  in  the  Ecliptic  MS  LA  [Fig.  i  j.]  Let  chs] 
right  AlcenHon  for  the  given  hour  fee  found  (by 
Vrof.  20.)  or  Cmaking  P  5  B  the  Circle  of  Dech-t 
nation,)  die  point  H  ia  the  Equator,  orconie-| 
quently  its  dillance  from  £  the  next  Equinodi- 
al  point,  namely  E  B*  And  fince  the  Hour  is  gi- 
ven, ^he  Arc  of  ciie  Equator  B  ^  inr^^r^-tid 
between  B  ond  the  Meridian,  and  c.  fit- 

ly ^  O  its  complement  to  the  Quadrant  oi  the" 
Equator  .^O:  But  BE  is  given,  from  wh-^--- 
the  Arc  E  O  is  known.     Therefore  in  tl 
angle  AEO  comprehended'  -p- 

tic.  Equator  and  I lorizon,  r 
Angle  AEOy  the  obhqnity  c 
AOE  (he  incHnatioii  of  the  Equator  .o  thej 
Horizon,  and  the  fide  EO  jufl  f'^  -^ "  •  ' 
whence  the  reft  will  be  known;  < 
or  its  complement  to  two  right  M  yi  H  '\>> 
Angle  that  the  Ecliptic  makes  with  'i^"  "J 
2on,  meafured  by  the  Altitude  of 
gefim  degree;  EA  the  diftance  of 
poinc  of  the  Eclipcic  fr:om  the  Equinox. .-.  ^ 
A,  and  from  thence  rheihighell  point jor-  the 
nngcfira  degree  from  the  riling  point  ' 
known  ;<3nd  OA  the  diftanceofthe  : 
A  from  the  true  Baft  0,  computed  in  >a- 
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Proposition  XXXVL 

£  famt  things  being  givtn,  r«  find  thejifftj^ 

'iion  of  n  Star,  wboft  Lmgstudt  and  LatituJi 

(i'ven,  IB  reg^d  of  sh$  Horiz/m,  or  tie  Al:itudi 

Jx,imutbi  as  alfo  to  determine  the  foint  and 

'Je,  in  whicb  tie  Vertical  thorough  the  Star  inter" 

tie  Eclipfic. 

ft  the  place  of  the  Star  S   given  \tx  re- 

lof  Lcogicude  and  Ladcudc  (by  the  con* 

€  of  Prey.  27)*  be  reduced  co  the  Equacor; 

'  id  its  Right  Afcenfion  and  Declination. 

iCe  the  Sun's  Righc  Afcenfion  is  giveft,the 

of  rhcfc  Afccnfioxis  will  alfo  dc  given. 

»ni  the  Hour  of  the  day  given,  the  Arc 

Equator  intercepted  bccweetx  the  MerJ- 

id  Circle  of  declination  drawn  thro'  the 

known :  The  Arc  therefore  (  Fig,  14.) 

[of  the  Equator,  between  the  Mcridiari 

P  S  the  Circle  of  declination  paffing  thro' 

Jfo  known  J  and  confequently  the  Angl* 

which  it  meafures.    In  the  Triangle 

there  arc  giveti  the  fides  ?Z,  P5,  (th6 

le  complement  of  the  Pole's  Elevation^  the 

the  diftance  of  the  given  Starfrom  thePole^ 

l^n  by  Its  Declination,)  together  with  the 

k  ZTS  juft  now  found  j  by  which  mealns 

i  will  be  knowh  the  fide  Z  5,  and  the  Ali- 

ZS  I  ZS  is  the  eomplement  of  the  Alti- 

Sy  and  RE  the  Arc  of  the  Hori2on,which 

;d  the  Azimuth,meafures  the  Angle  PZSj 

incc   R  O  is  a  Quadrant,  the  Arc  0  E 

iftance  between  O  the  point  of  the  crua 

nd  the  Vertical  ZE  drawn  thro'  Sy  b  al- 

nd.    Befides,  in  the  Triangle  ECj^,  com- 

oded  between  the  Vertical  ZS  Ej  Hori- 

/OR,  and  Ecliptic  AC  My  the  Angles  di 

C,,(the  one  being  found  above, 
y  »  and 
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ind  the  otber  alight  angle,)  together  with 
intermediate  fide  Eyf,  the  fum  or  difference 
:he  known  Arcs  0£,  OA:  Therefore  the  othi 
fides  are  alfo  given,  namely  yfC,  the  dtflan< 

The  point  C  from  the  rifing  point  yl^  whicli 
:nown,  the  fide   EC,  and  the    Angle  EC 
which  the  Vertical  ZSE  drawn  thro'  che  Seal 
S,  contains  wjch  the  Ecliptic.  ^E.F. 

Tho'  this  Problem  be  no  more  than  the  coili 
verfe  of  Prop,  t6,  yet  becaufe  of  ia  frcqi 
i];fey  I'diODght  fit  to  infert  it,  ' 
'\^'  '•  COROLLA  RT 

The  fame  things  being  given,  by  the  fame  la- 
bour may  the  Place  on  the  Earth,  to  wTr 
Star  S  is  Vcnical,  be  determined,  I  Oi 
Trir. :-^lc  zrSy  in  which  all  the  Sides  and  An- 
gles are  known,  t!ie  fide  P  S  denotes  the  di- 
ftance  of  the  Place  on  the  Earth  from  the  Poll 
P^  from  whence  its  Latitude  is  known  j  an< 
the  Angle  ZTS  is  the  diftancc  of  the  Mcridi 
rins  of  rhe  Place  given  and  fought.  Bur  if  S  b< 
in  the  Ecliptic,  the  Problem  becomes  more  fxxn* 
pie ;  and  is  ftill  the  more  fo,  if  ic  be  the  Sun, 
the  Point  oppofitc  to  it. 

PROPOSITIOM  XXXVII. 

np?/  E  Elevation  of  the  ToU  fivJi/je  ObliqutA} 

•*•    fon  of  the  Stat  being  giucn^  to  fvd  its  CcffKi- 
cat  and  Achrcinical  R'tfirtg, 

The  Circles  of  che  Sphere  \^l'ig,  ij.jbi;iui_ 
marfted  by  Icctcr?^  as  oftentimes  before,  in  tbcj 
Triangle  EO  A,  there  is  given  the  Angle  at  e\ 
namely  the  Obliquity  of  rhe  Ecliptic  ^  t' 
EO  the  Oblique  Afcenfiotx  of  the  Star  S  y 
the  diftancc  of  the  point  of  the  Equator  thatj 
rlfes  together  with   it    from  the   next   Eqpi- 
tibx,  from  the  Oblique  Afcenfion  given)  ^n^li 
the  Angle  EOA  the  inclination  ofth;: 
X^  to  the  llcffizon,  or  its  complement  c 

right:] 
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Therefore  the  fide  ^^jjwUVaUb^  K^j 
i  and  confcqueptly  thuc  point  in  the  E-i 
thac  riles  with  die  Sim   "^'"^'^efore  whcni 
un  is  in  this  point  of  ch.  -c,  t]\cS(^Pi 

les  CoGnically  ;  and  ths  ^un  being  in  chci' 
fice  poinc^cl:^  fame  Star  iirc5:Acbronically^^i 
after  the  like  manner  may  dtte  Cofiniculr^ 
Achronical  Rifing  of  a  Star  be  found  from 
Oblique  Dcfcenfion  of  the  Scar  (  found  by 

icjf  the  Cofnncal  Riling  and  Setting  ' 
ame  thing  with  an  Afcent  obove  II-         :_ 
efci^nt  below  jr;  thp  time  of.  the  Colini^al 
\g  and  $errii)C  is  det^      :     '  v     •         oe- 
Ij  For  the,  AlticuJc  ,        ^,  '^- 

5  in  itf, Rifing  or  S^ctingJ  -is  given,  and 
ifore  the  moment  o^  time  will  be  known. 
then  the.  Achronical  Riling  will  fignify 
it  commonly  does  ;  namely  the  Evening 
And  the  Achronical  fctting  all  one  with 
ofmical  fetting,  as  it  is  commonly  called, 
orning  one. 

Proposition  XXXVIIL 

Jet^TTnim  the  HtUtical  Rifing  and  Setting  ef 
gi'vm  Star.  - 

«  remaining  as  they  were,  let  D 
Y  167]  be  the  place  the  Sun  is  in  when  the 
I  S  rifesHeliacally.  Therefore  in  the  Tri- 
le  AFD  there  is  given,  befide  the  right 
le  at  F,  the  Side  FD,  'vix..  the  Arc  of  the 
^  depreffion  requifite  to  permit  the  Star  of 
pen  magnitude  to  appear;  alfo  the  Angle 
""  which  the  Ecliptic  comprehends  with 
orizon,  when  the  Star  S  rifes,  found  by 
therefore  the  Side  A  D  will  alfo  be 
But  this  Arc  added  to  the  Arc  £  A 
the  preceding)  gives  ED  the  diftance 

Y  a  of 
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the  Sun  from  the  Eqainoaial  tsoint  E,  when  S 
rifes  Heliacally.  Therefore  the  time  of  the  He* 
iiacal  Rifing  of  a  given  Star  S  will  be  known : 
namely  the  fame  as  that  wherein  the  Sun  pot 
(feffcs  D  the  point  of  the  Ecliptic  found.  AjwI 
after  the  like  manner  the  Heliac^il  feitlng  of  it 
may  be  found. 

Pkopobition  XXXIX, 

TH  E   Latitude  of  the  Vlace  and  the  Sms  TUce 
being  given,  to  find  the  beginning  of  the  Aiom- 
fpg  and  end  of  the  E'uening  Tn^ilight, 

Let  ZEFN  £Fig.  17.]  exprefs  the  Meri-r 
dian  ;    E^the  Equator;   HO  the  Horizon, 
whofe  Poles  are  Z  the  Zenith  and  N'che  Na- 
dir; 5  the  Sun  deprcfled  below  the  Horizon: 
Thro'  which  let  the  Circle  of  Declination  PSR 
and  Vertical  25N  be  fiippofed  to  be  drawn. 
In  the  Triangle  ZFS  all  the  Sides  are  given; 
namely  FZ  the  complement  of  the  Height  of 
the  Pole;  FS  the  diftance  of  the  Sun  from  the, 
Pole,  known  by  its  Place  ;  and  (be  fide  Z  S, 
made  up  of  the  Quadrant  and  depreffion  of  th< 
Sun,  neceffary  for  the  beginning  or  ending  0 
the  Twilight:  Therefore  the  Angle  ZFS  wU 
be  known,whofe  meafure  is  the  Arc  RE,  which 
converted  into  Time,  gives  the  Hours  fought 
to  be  reckoned  after  Noon  to  the  end  of  tha 
Evening  Twilight ;  and  their  complement  tai 
II  Hours,  or  the  Arc  R^,    the  Hours  to 
reckoned  from  Midnight  to  the  beginning  0 
die  Morniiig  Twilight. 
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Proposition  XL.  Lemma. 

t^o  great  Circhs  cf  the  Spkrre  cur  amrher  grejit 
Circle  at  equal  Angles,  the  Arcs  cf  all  Cirdet 
rJlel  to  tits  iftttrcefteJ  bj  tbt  tvo  cuttwg  the  thinly 
^fimilar  te  #wf  apother  ;  and  the  Arcs  of  the  interk 
wrs  contain  tl  Wfufetn  two  Parallels  are  e^nal. 
.ec  cwo  gr<*at  Circles  HEO,  H^R  [fTf.  i8.] 
Rthe  great  Ctrcfe  E^Kin  £and.^,fo  as  chat 
m  Aagks  HE^,  H^F  may  be  equn!.  I  fay. 
Arc  AP  of  arvy  Circle  PAL  parallel  co 
^,  intercepted  between  HEO  ani  Hj^^R 
imilar  to  E  j^;  and  the  Arcs  P  E^  A  ^^  of 
^s^^R  intercepted  between  the  two  Paral- 
are  equal  Thro'  the  Poles  of  E^f^ 
the  great  Circles  PR^  AC,  And  the  Sine 
learc  ^C,is  tothe  fine  of  thearc^^^fois 
ic  Sine  A^C  toRadius/oisSine  PEK  to  Ra- 
ils fo  is)  Sine  P  £  5  to  Sine  7^  E.  But  the  arcs 
Pj  AC,  arc  equal  (by  Pm/j.  lo.  B.  2.  SpAeri 
"  telef)  and  therefore  their  Sines ;  confequent- 
their  Arcs  A  ^,  P  E  are  t-qual.  Befides,  in 
Triangles  PEBy  Aj^Cy  in  which  the 
[ks  B  and  C  (*becaufe  right  .1  and  E  and  4L(^by 
lofition)  are  equal,  and  the  fides  P  E,  A^ 
PEy  AC  are  already  Ihewn  to  be  equal, 
S  fides  £  By  ^C,  will  alfo  be  equal,  and  con- 
juemly  the  Arcs  E^,  BC  are  equal.  But 
P,  SC  (by  Prop.  TO.  fl.  -2.  of  the  Sfhar'iCy  of 
^d.)  are  fimilar  Arcs  ;  therefore  ^E  and  AP 
alfo  fimilar.  And  bccaufe  rhc  Circle  PAL 
ken  at  pleafiire,  the  Arcs  of  all  rhe  Circles 
lllei  to  E  ^Vy  comprehended  by  the  Cir- 
HEOy  H^R,  are  fimilar  to  E.^.  and 
fcquently  to  one  another.  ^.  E.  D, 
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Proposition  XLL 

TO  jind  the  TaraUil  the  Sun  i$  j»,  at  the  fi 
of  the  Leafi  Twilight. 

Ic  has  been  long  ago  obferved,  that  the  pi 
porcion  of  rhc  increafe  and  decreafe  of  th( 
Twilight  is  very  much  different  from  the  in- 
creafe and  decreafe  of  the  Artificial  Days.  For 
the  Days  are  upon  the  increaie  all  the  while  tbo 
Sun  returns  from  the  Winter  Tropic  to  the  Sura- 
nraer  one ;  but  the  Twilights  dq  nor.  For  thefc: 
arc  lelTen'd  after  the  Winter  SoliHce  to  a  cer-: 
tain  limit  before  the  Vernal  Equinox,  where 
they  are  fmallelt ;  and  are  afrewards  incrcafing 
while  the  Sun  palTes  the  Equator  and  moves  n 
wards  the  Summer  Solftice  ;  And  from  rhence 
they  are  upon  the  decreafe  to  ^  certain  limit 
after  the  Autumnal  Equinox ;  and  then  again 
they  increafe  to  the  middle  of  Winter.  Let 
that  Parallel  then  be  propofed  to  be  fought,  that 
is  defcribcd  by  the  Sun  in  its  Diurnal  Motion, 
when  (he  Twilight  is  fmalleft  at  a  given  Place. 

Let  ZSN M  [Fig,  19.  ]  be  the  Meridian, 
SEM  the  Hori^&on,  to  which  let  a  \d$tx  CircU 
CAR  called  that  of  the  Twilights,  be  parallel, 
namely  that  wherein  the  Sun  is  at  the  beginning 
of  the  Morning  and  end  of  the  Evening  Twi- 
light. Let  --/P  be  the  Parallel  fought.  Thro' 
the  point  A^  where  it  interfeds  C  R^  fuppofe 
the  great  Circle  A^HO  to  be  drawn  meeting 
rhc  Horizon  HO  in  O  and  H,  which  cuts  the 
Lquator  E  ^in  ©^  fo  as  that  the  angle  A^E 
is  equal  to  the  angle  PED  or  TEK.  And 
therefore  (by  the  preced.  Lemma)  the  arc  £^. 
is  iimlLir  to  the  arc  ^y^-  and  the  arc  .^f  of] 
any  orher  Circle  p.irallel  to  the  Equator,  inter- 
cepted between  OES  and  OAL,  will  alfo  be 
iimilar  to  the  fame  AP  or  ^E  i  and  each  ofi 

themj 
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11  will  be  the  mearure  of  the  duration  of  cl 
tlighc,  while  (he  Sun  defcribes  che  Parallel 
But  becaufc  (by  hypochefis  )  it  is  the 
Twilighr,  none  of  thele  arcs,  belides  P//, 
reach  to  C  R,  (For  while  the  Sun  defcribes 
its  Diurnal  motion  any  other  Parallel,  the 
ifure  of  che  duration  of  the  Twilight  is  its 
ifb,  intercepted  between  die  Horizon  SEAl 
d  the  Circle  of  Twilighrs  CA  R. ;  wliich  (ince 
is  (by  fuppofition)  greater  than  the  meafurc 
of  the  Leaft  Twilight,  'cis  evident  that  pa 
not  reacli  to  C  R,  becaufe  p  b  which  is 
Iter,  only  reaches  fo  far.  )  And  therefore 
[n Circle  of  Twilights  CAR  touches  the 
It  Circle  OAH:  and  becaufe  p^irc  of  itun* 
t  the  Horizon,  (namely  OAH)  isafemi- 
pie,  and  C-^  R  is  parallel  to  the  Horizon,  'tis 
lent  that  WL^  or  O-^,  is  a  quarter  of  a 
;le.  i .  And  therefore  the  Circle  NATZ^dcr- 
)cd  upon  the  Poles  0  and  11  thro  A,  inter- 
ing  the  Equator  at  K,  is  a  great  Circle,  and 
fes  thro'  the  Zenith  and  Nadir,  and  meets 
I  Horizon  at  right  angles  in  T.  Befides,  in 
I  Spherical  Triangles  ETK^  ^^-^j  the  an- 
f  E  TKy  ^A  X,  (  by  Vrop.  ly.  B.  i,  tbeod,  ) 
fright  and  confequently  equal,  as  alfo  the 
feles  TE  Kj  A  ^K,  (  by  conftruction  )  are 
pal,  and  the  reft  TKE^AK^  are  likewife 
j^alj  (becaufe  vertical:)  From  whence  (by 
iherical  Trigottom.)  thefe  Triangles  are  mu- 
(lily  equilateral ;  that  is,  the  arc  TK  is  equal 
^K  Ay  and  T£  to  ^%A :  But  (  by  the  preced. 
ima)  .^H  is  equal  to  EVy  therefore  TE  is 
lal  to  E  P-  Befides,  in  the  Spherical  Trian- 
E7 K  right  angled  ac  T,  (by  a  known 
>p.  in  Spheric*  Trigonom.)  the  Radius  is  to 
Co-Tangent  of  the  angle  TEK  of  inclina- 
,<^  the  Equator  to  the  Horizon^  as  the  Tan* 

gent 
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gent  of  the  arc  TK  to  the  Sine  of  the  arc  E  T 
And  by  pcrmut-  the  Radius  is  to  the  Tangent 
of  half  the  Arc  of  the  depreifion  of  ihe  Circle 
of  Twilights  below  the  Horizon,  as  theTangenc 
of  the  Pole's  Elevation  to  the  Sine  of  the  arc  £T 
or  £  P.  Again,  in  the  Triangle  EDP,  (making 
DP  the  Circle  of  Declination)  right  angle(Xa> 
D,  the  Sine  of  the  arc  E  P  is  to  the  Sine  of  the 
Arc  D  P,  as  the  radius  to  the  Sine  of  the  Angte 
DEF I  that  is,  to  the  Co-fine  of  the  Elevation 
of  the  Role :  But  in  all  arcs,  the  Tangent  is 
to  the  Sine  as  the  Radius  to  the  Co-fine ;  where- 
fore the  Sine  of  the  Arc  EP  is  to  the  Sine  of 
the  Arc  D  P  as  the  Taneent  of  the  Height  of 
the  Pole  to  the  Sine  of  ir.  And  by  inverting 
and  permutation,  the  Tangent  of  the  Height 
of  the  Pole  is  to  the  Sine  of  the  arc  E  P,  as  the 
Sine  of  the  faid  Height  is  to  the  Sine  of  the  arc 
D  P.  But  (by  what  has  been  fhewn  before)  in 
the  cafe  of  the  Leaft  Twilight,  as  the  R:^tj}us 
to  the  Tangent  of  half  the  arc  of  t  cf. 

lion  of  the  Circle  of  Twilights,  Co  is  rtie  tan- 
gent of  the  Height  of  the  Pole  to  the  Sine  of 
the  arc  EP;  and  therefore  the  Radius  i»to 
the  Tangent  of  half  the  arc  of  the  depreflTon 
ofthe  Circle  of  Twilights,  as  the  Sine  of  the 
Height  of  the  Pole  to  the  Sine  of  the  arc  P  D  j 
namely  of  the  declination  of  the  Parallel  tbH 
the  Sun  dcfcribes  when  the  Twilight  L>  Leaft. 

^E.r. 

SCHOLIlfM, 
If  the  deprcffion  of  the  Circle  of  Twilight* 
below  the  Horizon  be  18=*  (as  it  is  commonly 
determined,;  the  Radius  will  be  to  the  Tangeiit 
of  9*^  3s  the  Sine  of  the  Latitude  to  the  Sine  of 
Declination  of  the  Sun  towards  the  depreffed 
Pole  at  the  time  of  the  Leaft  Twilight.  But  the 

Decli- 
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Declination  of  the  Parallel  and  Obliquity  of  the 

t^Uptic  being  given,  the  two  points  of  the  E- 

;liptic  will  be  found  (by  Tr^f,  %oJ)  and  (by  the 

Theory  of  the  Sun)  the  times  of  ttie  Year,  when 

he  Sun  is  in  the  given  Places,'  that  is,  wheq 

he  Twilight  \%  Lead.  Tho*  at  Lmxlon  the  Lcaft 

[Vilight  is  when  the  Sun  declines  from  the 

Equator  towai-Js  the  South  6  ^  7',  and  in  ^ 

)r    K   17  '^  50',  which  happens  in  the  prefene 

Vge,  about  22=1  of  Fchr.  and  27^**  of  Scft9t?9btf 

>t  the  Julian  Year.    This  was  noted  by  BL^^ 

anus  in  his  Spbtrt,  who  fays  that  the  fliorceft 

Twilights  happen  about  the  middle  of  Libra  and 

tie  middle  of  Pifcei,    PeUr  liontMi  has  propofed 

^  Problem  and  folved  ic  (yet  by  two  Propor- 

fens)  in  a  Book  concerning  the  Twilights,  pub- 

Incd  in  the  Year  1541  ;  who  is  followed  by 

ptihrofius  RhoJtHs  and  Clavius* 

Proposition    XLIL 

N  **  PUnegtven  kyfofition,  on  vfhich  a  Sun-Dial 
is  W  he  Jraufn,  to  determine  the  Meridian  Line^ 
jhsj/fl  of  the  Style,  and  the  Suhftyle  line, 
ji  Every  Plane  upon  which  a  Sun-Dial  is  drawn,* 
dttppofed  CO  pafs  thro*  thcCenter  of  the  Sphere; 
iJccaure  in  refped  of  the  diftance  of  the  Sufi, 
f  diftance  from  the  Center  is  infenfibkj  and 
pnfequently  its  interfeiftion  with  the  furface 
if  the  Sphere  is  a  great  Circle. 
?Let  IRSMcrlBg.'3.o.~\  be  fuch  a  Plane 
(Bflfing  thro*  7;  the  Center  of  the  World  which 
iduced  to  the  furface,  forms  the  Circle  IRS 
'C,  Let  HIO  be  the  Horizon  of  the  Place, 
;Othe  Meridian  (in  which  is  the  Pole  P,  and 
Zenich  Z)  interfe<fHngthe  former  Circle  in 
The  pofition  of  the  Plane  IRSC  being 
»ven,  its  Declination  is  given,  meafured  by  the 
igle  ITH,  or  Arc  IH,  namely  that  whereby 

the 


1 


3P 


thi 


the  Horizotttal  Line  /C  of  che  Plane  IRSC  dc-. 
^lines  from  H  O  the  Meridian  liae  drawn  oa^ 
the  Horizontal  Plane,  by  Trcf.  i6.    ZR  isalfo 
giren,  namely  the  arc  of  the  Vertical  Circle 
perpendicular  to  IRSC,  intercepted  between 
the  Zenich  and  che  faid  Circle,  the  meafore  of 
the  Inclination  or  R<clsnation  of  xh^  faid  Plane. 
In  ihe  Spherical  Triangle  AlZR  rightangled 
at  R,  ihere  is  g^ven  Z  R,  and  the  the  angle 
RZ  Af,  equal  to  the  complement  of  the  angle 
ITH  to  a  right  one :  (For  the  Vertical  Circle, 
ZR  perpendicular  to  the  Circle  IRSC^  declines 
from  the  prime  Vertical  (drawn  thro'  the  Equi-' 
fio^lial  Eait  and  Weft;  as  much  zs  IT  docs 
from  HTi  jmd  confcquently  the  complement 
of  the  one,  namely  RZM/\s  equal  to  the  com- 
pletncnt  of  the  other,  namely  /3^H.)  Thereforo 
the  fide   RM  will  be  found,   or  the   Angle 
(which  it  meafuresj  in  the  plane  of  the  Dial 
RTM,     But  TR  is  given  by  pofition  ;  (for  it 
15  fucccdancous  to  a  perpendicular  on  che  fame 
Plane,  or  a  right  line  perpendicular  n-  '*' ■  ^  Ho:. 
rizontal  line  /TC;)  wherefore  the  ..         sn 
line  TA/ fought  in  the  Plane  of  the  Dial,  or  the 
common  interfedion  of  the  plane  of  the  Meri-f 
dian  with  the  plane  of  the  Dial,  wilJ:  be  givea. 
In  the  fame  Triangle  MZ  R,  are  alio  found  the 
fide  Zm  and  Angle  RAfZ,  which  will  be  of 
ufe  by  and  by.    Again,  thro'  the  Pole  of  the 
World  P,  draw  an  arc  of  a  great  Circle  P  S, 
perpendicular  to  IRSC:  And  in  the  Triangle 
RSM  rightangled. at  S,  there  is  given  the  An- 
gle PA/5  found  juft  now,  and  the  fide  PA/, 
the  fum  or  difference  of  the  Arc  IM  found 
before,  and  of  the  diftance  of  the  Pole  from  the 
Zeniflv  namely  2P:  Confcquently  there  will 
be  known  both  the  arc  PS,  or  the  Angle,whicb 
it  meafures,  PTS^  the  inclination  of  che  Axis 
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T  to  the  Pl^ne  IRSC,  that  ts,  the  Angle  of 

fe  Style  fought-  and  the  fido  MS,  or  the 

lailineal  Angle    St  My  which   it   meafares 

i  the  plane  of  the  Dial,  contained  between 

W  the  Meridian  decermincd  before,  and  the 

abflyle  TS^  namely  that  upon  which  the  piano 

w  the  Gnomon  TTS  ftands,  whofe  other  edge 

ithe  Ax!5  of  the  World  ?T  calling  the  Cha- 

{6w,  and  is  perpendicular  to  the  plane  of  tho 

l>iaK  ^E.F. 

r  . 

\  Proposition  XLIII. 

uT^OJind  theAngky  that  the  lint  ef^gtvtn  Hour 
81  makes  with  the  MeriMan  in  tht  plane  cf  the 
ual ;  and  theuce  to  describe  a  Smn-DiMi  ufon  a  gi" 
jrn  phme. 

[The  (i^mc  things  remaining  as  before,  let  BPk 

F/^.  2T.]  be  the  Hour  Circle,  the  interfe^ion 

•If  of  whofe  Plane  with  the  Plane  IMC  gi- 

\n  by  pofirion  is  fought.    The  Hour  of  this 

ircle  being  given,  the  Angle  HP  B  or  MPb 

given,  contained  by  it  and  the  Meridian, 

lerefore  in  the  Spherical  Triangle  PM k^thcre 

given    (by  preced.  Pr^. ;    the  fide  PM, 

id  the  angle  PMh,  as  alk)  the  angle  AfP^: 

'lerefore  the  arc  Mh  is  found  j  and  the  refti- 

teeal  angle,  which  it  meafures,  MTh,  which 

be  Hour  line  Tb  makes  with  the  Meridian  TM^ 

Therefore    the  right  line  TM   being   given 

jby  Prop,  preced.)  the  Hour  line  fought  Tb,  in 

plane  of  the  Dial  given,  will  be  determined. 

E  F. 

And  after  this  manner  a  Sun-Dial  may  be 
[ade,  by  drawing  a  Meridian  and  Subftyle 
>m  a  point  affumed  at  plcafure  for  a  Center, 
iy  preced.  Prop.)  and  eredingupon  the  Sub- 
tle a  Style  in  an  Angle  found  alfo  by  the 
;ed.  and  drawing  the  other  Hour  lines  in 

Angles 
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Aflgks  wich  the  Meridian  TMy  dererrnined 
by  this  Propofition,  and  marking  them  with 
th^ir  proper  nombers.  Thas  Th  \s  the  eleven 
a  clock  Hoar  line  after  Midnight,  if  Pfi  be  a 
Circle  to  the  Eaft  of  the  Meridian  P  2 «, 
making  with  it  an  Angle  of  ry  <i;  that  is,  if 
Tb  be  to  the  Weft  of  the  Meridian  line  TM, 
and  the  Angle  iWPt  in  the  furface  of  the  Sphere 
of  If  **.  hni  after  the  like  manner  TA',  6- 
tuated  on  the  fame  fide^  will  be  the  ten  a  clock 
Hour  line,  if  ilrf  P  Z  be  50  d,  and  fo  on. 


(  I 
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Proposition 

TO  draw  a  givtn  Hour  line  upon  a  Sun-Dial^ 
vjhtffc  pUtfe  PaJles  thro  the  Poles  ;  and  fo  r& 
defcrlbe  a  Polar  Dial, 

Becaufe  all  the  Hour  lines  Interfed  one  ano- 
ther in  the  Axis  of  che  Worlds  and  this  Axis  is 
always  in  a  Polar  plane ;  *tis  evident  that  all  the 
Hourlines^in  fuch  a  plane,  are  to  be  found  in 
that  Right  line:  But  that  they  may  be  diitin- 
guiflied,  and  not  contounded  with  me  SubAylej 
the  Dial  is  not  to  be  conceived  as  defcribcd 
in  the  plane  SMC  itfelf,  {_Fig.  ttJ]  paflSng  tltto* 
the  Center  (  as  it  is  in  all  other  cafes, y  but  in 
another  plane  i  ad  ^^  parallel  and  near  to  the 
former  J  fo  thiic  the  opake  right  line  that  cafts 
the  fliadow  and  coincides  with  the  Axis  ot  tha 
World,  is  diftant  from  che  plane  i  m  y,  hy 
the  right  line  PSz  And  fince  the  diftancc 
of  the  Sun  is  looked  upon  as  Infinite,  any  given 
Right  line  as  PSy  vanifhes  in  refpeft  of  it^  and 
che  parallel  Planes  paffing  thro*  IMC^  imy^ 
are  efteem'd  as  very  near  one  another ;  and  th« 
portions  Pm^Pb,  &c.  of  the  Hour  circles  HP  m^ 
BPhySic,  croiEng  one  another  in  the  Pole  Ft 
intercepted  between  the  Pole  and  the  Circle 
im^t  are  to  be  looked  upon  as  Right  lines  ^  and 

t1i« 
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of  the  Spherical  furface  which  che(^, 

mons  take  up  (being  infinicely  fmall  in  com- 

Eon  of  the  whole)  is  to  be  look'd  upon  as  a 
the  Polar  plane  then,  having  found  (  by 
42.J  the  Subftyle,  ercd  the  Style  of  any 
th  taken  at  pkafurCy  as  P  ^^  whofe  other 
plac'd  in  the  Axis  of  the  World  is  paral- 
ro  the  Subftyle  ;  for  in  this  cafe  there  is  no 
igle  of  the  Style.  To  find  the  Meridian  line, 
(erre   that  in  the  redilinear  Triangle  P  5  w, 
^des  the  right  angle  at  5,  there  is  given  the 

fFSy  namely  the  height  of  "the  Style ;  and 
angle  SmP  equal  to  the  angle  MPZ^ 
Ud  at  Pr«f.  42  ;  hence  you  may  find  Sm 
rdiftancc  of  the  Meridian  line  from  the  Sub- 
in  the  right  line  Sm,  which  is  pcrpendi- 
tr  to  the  Subftyle,  becaufe  Ai  P  (parajkl  co 
is  perpendicular  to  PTy  and  you  may  al- 
ind  the  fide  P  w :  A  right  line  therefore 
;n  thro'  the  point  m,  paralJeJ  co  the  Sub- 
^  (becaufe.  as  was  faid  before,  the  Hour 
|s  and  Subltyle,  which  alio  is  one  of  them, 
'this  fort  01  Planes  are  parallel)  will  be  the 
Scidian  line  in  the  Sun-Dial  propofed. 
I^any  other  Hour  line  given  is  to  be  drawn, 
pfc  Grcle  for  inftance  is  SP;  in  the  Tri* 
pe  P  i  w  there  arc  given  the  angles  P  mb, 
mP  b,  the  one  found  before,  ana  the  ochec 
il  to  the  vertical  angle  ZPiJ,  given  becaufe 
ir  of  the  circle  P  B  is  givenj)  as  alfo  the 
P  w  determined  before :  Hence  therefore 
W7  b  be  found,  whofe  extremity  m  is  given, 
rquencly  b  alfo  will  be  given,  A  right 
therefore  drawn  thro'  it  parallel  to  the  Sub- 
will  be  the  Huur  line  of  the  circle  P  B. 
after  the  like  manner  may  all  the  other 

Hour 
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Hour  lines  be  drawn,  and  a  Stin-Dtal   mad< 
upon  a  Polar  plane.  ^  E.  E 

There  are  other  eafy  methods  of  nuiking  Sui. 
Dials  'y  buc  wc  have  taken  the  moft  obvious,  an^ 
6ne  that  is  the  fitteft  for  the  Uluftration  of  tbi 
doArine  of  the  Firft  Motion:  And  after  thti. 
manner 'tis  ea(y  to  defcribe  upon  a  Sun-Dial] 
any  other  fach  furniture  as  may  be  (hewn  by  chej 
(haddow  of  a  Gnocnon. 


Section   VII. 
Concerning  the  Parallax  of  the  Stars* 

Proposition  XLV. 

TO  Jrferlht  the  rtature  of  the  FaralUxy  mid  to 
enumeraTe  the  'variousforts  of  it. 
Thro'  all  this  Book  we  have  fuppoled  dt( 
Phacnomena^  whofc  places  we  have  been  creac^ 
ing  of,  to  be  fituated  among  the  Fixed  Stars  j 
or  f  if  they  arc  placed  between  the  center  or 
the  Eartli  and  furface  or  Fix'd  Stars,  that  they 
arc  referred  to  the  Fix'd  Stars  by  the  help  of 
right  lines  drawn  from  ch©  center  thro*  the 
Pharnomena  j  that  is,  that  they  are  fecn  from 
the  Certter.  And  tho'  the  Earth  in  refpcft  of 
the  Sphere  of  the  Fix'd  Stars,  is  taken  for  a 
center,  and  puts  on  the  nature  of  one,  yet  in 
rcfped  of  the  diftanccs  of  the  other  Cekftial 
Bodies  it  docs  not  happen  foj  but  an  interme- 
diate Phenomenon,  feen  from  the  furface  of 
the  tarth,  will  have  a  place  among  the  Fix'd 
Stars  (or  in  an  infinite  diftant  furface  of  a  con- 
cave Sphere  concentric  with  the  Earth,)  diffe- 
rent from  that,  which  it  fcems  to  have  when 
feen  from  the  center  j  and  this  diverficy  of  ap- 

pearancv 
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)earance  h  very  fitly  eall'd  the  ParaSax :  Thar 
or  inftance,  if  LT  lFf£.  2;.  ]  reprefenc  the 
5arth,  whofe  Center  h  C;  L  sl  Place  on  the 
wfaccj  whofe  Zenith  is  Z  i  ZSII  the  Sphere 
f  the  rix'd  Stars ;  the  Phaenomenon  P  feea 
■om  L  will  be  placed  among  the  Hx'd  Stars  ac 
,  but  from  the  Center  C,  ac  S  its  true  place. 
Tie  difference  between  its  true  place  5  and 
le  apparent  one  ff,  or  the  Arc  Sj-,  is  the  Paral- 
ofjthe  Pha:nomenon  F  :  And  it  may  be  ex- 
fed  by  the  Angle  5 P  <r,  or  L  PC;  forfince 
in  refped  of  the  circumference  Z  S  H  va- 
:s,3^P^alfo(to  which  Z.7  has  a  fenfble  pro- 
ion)  b  as  a  Center  in  refped  of  ZSH ;  chac 
the  Arc  S  c  may  be  confidered  as  dcfcribcd 
the  Center  P.  From  whence  it  is  evident 
by  reafon  of  the  Parallax,  any  Phinomc- 
appears  nearer  to  the  Horizon  than  it  is. 
Vertical  Circle,  and  that  fo  much  the  mora 
^other  circumftances  being  alike)  ic  \$  lels 
tted  ;  and  (hat  a  Phxnomenon  feen  front 
furface  in  L,  in  the  Vertex,  as  in  z,,  is  refer- 
to  the  fame  place  among  the  Fix'd  Stars,  as 
c  had  been  feen  from  the  Center  C,  or  that 
re  is  no  Parallax  in  the  Zenith. 
By  reafon  of  the  Parallax  before  defcribed 
|hich  is  call'd  cither  tht  VaraJlax  of  Altitude, 
alfo  fimply  the  Parallax)  the  Place  of  a  Phae- 
^enon  is  alter'd  as  to  Longitude  and  Lati« 

!;  For  let  the  true  place  of  a  Phacnomenott 
•J  [i^/g-  24.]  the  apparent  y,  fo  that  the  Pa- 
x  is  C^;  if  you  imagine  the  Circles  of  La- 
le  C  E,  >  I  drawn  thro'  C  and  >,  meeting 
icliptic  E  L  in  £  and  s,  the  apparent  Place 
le  Ecliptic  will  be  ^  the  true  E  ^  and  there- 
I  the  change  of  Longitude  made  by  reafon 
he  Parallax,  is  E  t,  which  is  alfo  called  the 
\llax  ofLongituJe,  And  the  true  Latitude  C  E 
Z  is 
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is  changed  into  che  apparent  one  y  i,  the  dtife- 

rcnce  of  which  y  o  (luppofing  C  o  parallel  to  tte 
Ecliptic)  is  the  FaralLx  of  Latitude.     But   if  ic. 
happen  that  the  Vertical,  as  2  DN,  paflingtliro* 
the  Phenomenon   D,  is  alfo  perpendicular  to] 
the  LcIipEtc  (v/bich  comes  to  pals  when  ic  paf-^ 
fes  thro'  the  higheft  point  of  the  Ecliptic  A^  ori 
Nonagefini  degree    from  the  Eaft)  then  the] 
r.naUax  afleds  only  the  I/atitude.    For  by  tl 
Parallax  the  Place  is  only  changed  in  the  Ver- 
tical, and  hecaufe  fin  the  pre  lent  cafe)  thiij 
coincides  with  the  Circle  of  Latitude,  the  Place] 
is  only  clianged  in  this,  that  point  of  the  Edii 
cic  continuing  unchangcd,to  which  it  is  refcrrclj 
by  the  laid  circle  of  Latitude  :  and  in  like  mafl-", 
x>er  oiJy  the  Longitude  is  fometimes  affecSedj 
the  Latitude  continuing   unchang'd  ;   namely 
when  the  Phenomenon  is  in  the  Ecliptic  pa.f« 
fing  thro'  the  Zenith.    From  whence  it  is  cvvn 
tlenr,  that  the  Longitude  of  a  Phacnomenon  fifu< 
aced  to  the  Eaft  or  theNonagcfim  degree  of  rh( 
Ecliptic,  is  increafed  by  the  Parallax,  hecaufe 
it  is  removed  more  to  the  Eaft  upon  this  ac- 
count; but  that  the  Longitude  of  one  fit^aated 
the  VVefl  from  thence  is  leffen*d :    Wherefoj 
befides  all  other  motion  which  thePhasnomenoi 
may  have,  it  will  feem  to  be  moved  by  reafoi 
of  the  Parallax,  becaufe  change  the  Parall 
and  its  apparent  place  will  be  changed.    Ai 
this  motion,  becaufe  not  real  but  apparent, 
called   by   fome  the  ParJlax  of  Motion, 
what  is  CO  be  underftood  of  a  Phjcnom^.i ... , 
refped  of  che  Ecliptic  and  its  Secondaries, 
to  be  underftood  afcer  the  \\k-^  manner  oonceri 
ing  the  fame  in  regard  of  the  Equator. 
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"  Proposition  XLVI. 

rHE  Jifiance  of  a  Vb^enommcn  from  the  Earth 
is  to  the  SiwUiametcr  of  the  Etrtb^  at  tbi 
$e  of  tbe  af patent  difiance  from  the  Ferttx  Is  to 
Sine  of  the  Parallax, 

Let  The  the  center  of  the  Eanh;  ^Fsg,  i  J  ] 
>  Place  on  the  Surface  Z,  its  Zenith  Z,  Ho- 
on  TH  i  and  Ice  the  Phaenomenon  be  in  P* 
►w  ffrom  the  known  property  of  a  re^Silineal 
ianglc .)  rp  is  to  TL  as  the  Sine  of  the 
;Ic  TLF  (  ov  of  its  complement  to  two 
bt  ZLP)  to  the  Sine  of  the  angle  TPL} 
the  diftance  of  the  Phaenome;ion  from 
inter  of  the  Earth  is  to  the  femidiametef 
Earth,a5  the  Sine  of  the  apparent  diftanca 
the  Vertex  to  che  Sine  of  the  Parallax, 
D. 

bnfequentiy  the  Parallax  agreeing  to  a  gi- 
rAItitude  being  given,  the  diftance  of  thai 
pomenon  from  the  Earth  will  aifo  be  gt« 
b  and  (b  vice  'verfa* 


Proi'osition  XLVll 
[//£  Sines  of  the  afferent  dijiances  of  a  Phdmo^ 
Imenon  from  the  Verttx  are  as  tbe  Sines  oftbi 

i>r  (by  preced.  Prof,)  the  Sine  of  the  appflr- 
jdiftance  from  che  Vertex  is  to  the  Sine  of 
farallax,  as  the  diftance  of  the  Pharnome- 
from  the  center  of  the  Earth  is  to  che  femi- 
leter  of  the  Earthy  that  is  (in  the  fame  Phs-" 
^nonjin  a  conftant  Ratio.  Wherefore^  as 
line  of  the  apparent  diftance  from  the  Ver- 
\i  the  firft  Obfervation  is  to  the  Sine  of  che 
tent  diftance  from  the  Vertex  in  any  other 
ovation,  fo  is  the  Sine  of  the  Parallax  in 
lit  obfervation  to  the  Sine  of  the  Parallax 
:  fecond  Obfervation.  ^  £.  P. 
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PROPosfTtoN  XLVin 

THE  Taralljxct  of  two  Thanamtna  at  nn 
difijnces  from  the  Crrtter  of  ih:  Earth 
'U'hoft  apfiJTcnt  hfianct  from  the  f^trtex  is  e^tisJ, 
Ytafrocallj  as  fbe  A'tfianca  from  the  Ctnttr  of  t 

Things  being  eJcpreJTed  as  before,  let  chct 
Thxnomenabe  Pandp  [f»f.3i6.]  in  an   cqu 
npparenc  diftai^ce  from  the  vertex  Z,  mcafu 
by  the  Angle  ^.LV,    'Tis  evident  that  the  Si 
of  the  Angle  LTT,  is  to  the  Sine  of  the  An^i 
TpT^  or  LfTj  that  is,  that  the  Sine  ot'  the  Pa- 
ntltax  of  the  Phaenomenon  P,  is  to  the  Sine  of 
the  Parallax  of  the  Phenomenon  f  Jts  Tf  co  7*1^ 
that  is,  reciprocally  as  the  dillanccs  of  the  Phs- 
nomena  from  the  Center  T. 

Proposition  XLIX* 

THZ  ratio  of  tie  Sine  of  the  Pwr^/ZjA*  of  tmi 
Thitnomenon  to  the  Sine  of  the  ParsUax  &f  anA 
ether  Thanom^non  is  compounded  of  fbe  iwvirft  tasic\ 
tf  the    difiances  from  the  Centtr  of  tbt  Earthy 
of  the  dired  ratio  of  the  Sinet  of  the  sfparm:  J>' 
Ranees  from  the  Vertex, 

For  when  the  diftance  from  the  Centci  ofl 
the  Earth  is  gix'-en^  the  Sine  of  the  Parallax  i^j 
as  the  Sine  of  the  apparent  diftance  from  the 
Vertex,  (by  Prfi/?.47;  and  the  apparant  V^ 
from  the  Vertex  being  given,  the  Sine 
Parallax  is  reciprocally  as  the  diftance  from  tfe< 
Center  (by  precedj  And  therefore 
ther  is  given,  the  Sine  of  the  Parai; 
apparent  diftance  from  the  Vertex  d;  ;ii!\ 

the  diftance  from  the  Center  of  thetartn 
procally,  conjuni^tly.    ^  E.  D. 
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Proposition  L* 
CO  find  the  Parallax  of  a  VboHomentm  that  dot^ 
m  not  change  its  Dtfilinafion,  faffing  between  the 
5  and  Vertex^ 

Let  Z  P  [Fifg-i7,]  be  the  Meridian,  and  in  it 
bhe  Zcoich,  p  the  Pole ;  the  true  Place  K,- 
a  L  the  apparent  Place  of  the  Pharnomenon, 
jple  Parallel  defcribed  by  the  firft  Motion  is 
the  Vertical  fartheft  off  from  th^  Meridi- 
A^  touching  the  Parallel  yA,  VA  an  Arc 
ill  perpendicularly  uponic^  from  the  Pole  Pi 
the  Spherical  Triangle  Z  A  ?y  righc  angled 
by  the  Side  Z  P,  the  Complement  of  the 
;ht  of  (he  Pole,  and  the  Angle  VZA^  or 
luth  known  by.Obiervation  being  given, 
will  find  the  Side  P^,  or  PK  equal  to  it, 
true  diftance  of  theParalliel  from  the  Pole 
[the  fum  or  difference  of  this  and  7.7\%ZV 
urue  diftance  (or  that  feen  from  the  Center 
fche  Earth)  from  the  Vertex  Z:  Apd  the  dif- 
|pce  between  this  and  the  apparent  one  ZL^ 
lely  VL^  is  the  Parallax  of  the  Ph^enomc- 
I  agreeing  to  the  Altitude  in  V.    ^  E.  7. 

r   Proposition  LI.    Lemma. 

P  HE  fum  or  difference  of  any  two  Arcs,  together 
^  mth  the  Ratio  of  their  Sines,  to  jmd  the  Arcs 
Mves, 

krit,  if  the  £um  of  the  Arcs  be  given,  the 
blem  is  all  one  with  that  common  Trigo- 
necrical  one,  where  two  Sides  AB^  AC, 
^•28.]  of  a  rcdilineal  Triangle  being  given, 
pther  with  the  Angle  included  iiWC,  the 
jr  two  Angles,  B  and  C,  are  required  :  tor 
in  the  Angle  B  ^  C  is  given,  the  Angle  BA  D 
be  fum  of  the  Angles  B  and  C  themfelves ; 
[the  ratio  of  the  Sides  AC,  AB,  is  the  iame 
Z  3  with 
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with  that  of  the  Sines  of  the  Angles  B  and  C 
This  Problem  therefore  will  be  folv^d  after  the 
fame  manner  as  that ;  for  'tis  known  that  the 
fnm  of  the  Sides  A^B^  AC  is  to  their  difference, 
that  is,  the  fum  of  the  terms  of  the  given  ratio 
is  to  their  difference,  as  the  Tangent  of  half  the 
fum  of  the  Angles  B  and  C,  or  of  the  Arcs  that 
meafare  them,  to  the  Tangent  of  half  the  dif- 
ference of  them:  Bat  the  fum  and  difference  of 
the  terms  of  the  given  ratio  are  given,  and  die 
fum  of  the  Arcs  being  given,  the  Tangent  of 
half  the  fum  b  given ;  therefore  the  Tangent 
of  half  the  difference  will  be  known,  and  con- 
Icquenily  lialf  the  difference  it  felf;  from  hence, 
and  haK  the  fiim,  will  the  Arcs  themfelves  be 
known.    But  if  the  diflferencc  of  the  Arcs  be 
given,  half  the  one  and  Tangent  of  the  othei 
will  be  given,  and  confequenriy  (from  the  ft>r 
met  Proporrion )  the  Tangent  of  half  the  Sum 
of  them,  and  the  half  Sum  it  felf  will  be  foundf 
from  whence  the  Arcs  themfelvcs  will  become 
known,  after  the  like  manner  as  before.  ^  E.  f, 

POPOSITION   LIL 

Both  the  Mtridian  Altitudes  cf  a  PA^gnomemn 
^^*^g  i^'^-^^i  ^bich  does  mltber  change  its  if 
elmati^m  nor  fet^  to  find  its  Parallax. 

Let  2 /f  be  a  quarrer  of  the  Meridian  [Frf. 19] 
reaching  from  the  Zelfich  to  the  Horizon,  in 
which  the  Pole  is  P ;  the  real  place  of  the  Pfsar- 
nomenon  above  the  Pole  Ay  the  apparent*;  itJ 
true  place  below  the  Pole  5,  its  apparent*. 
If  the  Pha;nonienon  pafs  between  the  Pole  and 
the  Vertex,  the  difference  between  the  obftr- 
vcd  diftances  from  the  Pole,  namely  p^^P*r 
is  the  fum  of  the  Parallaxes  in  «t  arid  /J,  Fori 
Circle  defcribed  upon  the  Pole  P  thro*  A,  paffi 
alfo  thro'^,  becaufe  the  true  dcclinucion  of  rh 

Ph^ 
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?hxnomcnon  is  alwayt  the  fame.  If  farther 
hro'  A  you  defcribe  upon  tlie  (ame  Pole  theCir- 
;le  «C,  then  will  FC  =  F*;  and  cheretore 
»iS  ~  Pa  sr  (  p^  _  PC  =  C iS  s=)  to  the  funi  of 
he  Parallaxes  in  «  and  g.  But  the  fum  of  the 
*ara11axes  in  a.  and  jb  being  given^  and  the  ratio 
f  their  Sincs^  (being  the  fame,  by  Frof.^'^. 
/ich  the  ratio  of  the  Sines  of  the  apparent  di- 
ances  from  the  Vertex,)  the  Parallaxes  them- 
(Ives  fought^  fpill  alfo  be  found  by  the  precede 
ima. 
[f  the  Phacnomenon  pafs  beyond  the  Vertex 
;fpe<%of  the  Pole,  then  the  difference  be-* 
:n  P^,  Fa  [^Bg.  ;o.]  the  diftances  obfervcd 
the  Pole  is  equal  to  the  difference  of  the 
illaxes.  For  fmce  5  /S  is  the  Parallax  in  the 
Lrcnt  place  /?,  and  ^  *  or  (the  fame  prcpa- 
ion  being  made  ufe  of  as  before  J  i<C  in  the 
*,  C  /S  (that  is,  P  /?  —  P  «)  is  the  difference 
the  Parallaxes  in  the  apparent  Places  ^  and  <*. 
the  difference  of  the  two  Arcs  being  given, 
ther  with  the  ratio  of  the  Sines  (namely 
fame  with  the  nitio  of  the  Sines  of  the  ap- 
;nt  diftances  2*,  2/3  from  the  Vertex,)  the 
ks  themfclvcb  or  the  Parallaxes  fought  will  be 

But  if  the  Phenomenon  pafs  thro'  the  Ver. 
t  it  felf ;  that  is,  if  the  points  2,  A  and  ^ 
tncide,  alfo  B  and  C,  then  5^  or  C/3  is  the 
J-allax  it  fclf  of  the  apparent  Place  H, 

^  Proposition    LIIL 

Otb  the  sAltltadis  of  a  Fhanomtncn,   that  Jees 
not  cba9sgc  its  declination y  being  givtn,  ard  oh- 
red  in  the  fame  Vertical  Circle ^  to  find  id  Parallax* 
he  reft  being  expreffcd  as  before.    Let 
B  [^Fig-  ;i.]  be  rhc  Vertical  Circle,  in  which 
Phasncamenon  has    been    t^'ice    obfervcd, 
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io  €.  and  ^,  bat  wbofe  cnie  Places  are 
vfaodfB,  aUdu^EBcfacfParalidof  dicPhzno- 
mencm  deicribed  by  the  firft  Modem.  Upo« 
rbe  fimc  Pole  P,  tfcro'  *,  dcfcribc  anrther  Cir- 
cle «C^  andcheponians^^BCof  tbcVerticali 
imcTCCpced  between  thctn  '  by  Ynf.  15.  5.  2. 
fyb^,  af  TieUafus)  are  eqaal;  and  thereforo 
C^beicher  tbc  farn  or  difference  of  the  ParaJ- 
laxet  A*,y  Bfi,  Aim)  to  find  ir  let  the  great  Cir- 
cks  Pftj  PC,  be  imagined  to  be  d^awn.  In  the 
Triangle  2*P,  ZP  the  complement  of  the 
Height  of  the  Pole,  Z«  the  obfervcd  diflance 
of  the  Phenomenon  in  «  from  the  Vertex  Z, 
and  the  Angle  contained  ^ZP,  from  ihc  Azi- 
nrath,  known  by  obfcrvation,  being  given, 
yoa  will  find  «P,  ro  which  rhe  arc  CP  is  eqaaL 
Ag»in  in  the  Triangle  PZc,  two  Sides  PZ, 
fC  being  given,  together  with  the  Angle  P2  C, 
Zc  will  alfo  be  known,  whofe  dcfe^  or  whac 
it  wants  of  the  obferved  Arc  ZB,  hCfi  the 
fura  of  the  Parallaxes  in  the  places  «  and  ^,  when 
TZ  exceeds  Pa;  or  their  difference,  when  PZ 
is  lefs  than  P«.  But  in  both  cafes,  when  over 
snd  aborc,  the  ratio  of  the  Sines  of  the  faid  Pa^ 
xallaxes  is  given,  ("namely  the  fame,  by  Prof. 
47.  with  the  ratio  of  the  Sines  of  the  apparent 
diftances  from  the  Vertex,)  both  the  Parallaxes 
agreeing  to  the  apparent  places  a  and  ^  will  be 
found.  .      ) 

Proposition    LIV. 

TWO  Altitudes  ^f  -the  fame  Vhlkn^menm  ^f(r^ 
njcd  at  theJoMe  motncnt  of  tiftfe*:^  ^•^ 

men  Azimuth  of  two  gi^en  Places  upon  tLc  /... 
fnd  the  Par.iliax  of  the  Phicnomenon, 

Let  thi:  two  Places  on  the  Earth  be  A  and  B, 
f /-'if-  ^z-]  whole  Vercictis  are  Z  and  A',  f  liC  com^ 
ipon  Azimutli  ZDX\  and  lee  the  true  Place  of 
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Phxnomenon  be  D,  ^  the  place  obferved 

i^,  //  its  place  feen  at  5  :  And  firft   let  thefe 

Mnts  be  between  the  Vertices  Z  and  A".    The 

p  of  the  apparent  diftances  from  the  Vertex, 

lamely  of  the  arcs  ZJ"  and  AV, )  known  by 

[bfervation,  exceeds  Z  X  the  diftance  of  the 

ticcs  (found  by  Vrop,  24)  by  an  excefs  equal 

'«^,  the  fum  of  the  Parallaxes.    But  if  the 

its  D,  d^  J",  be  without  the  ate  Z  .Y,  thedif- 

inceof  the  apparent  diftances  from  die  Ver- 

(namely  2^  iefTen'd  hy  Xd, )  exceeds  the 

tnce  of  the  Vertices  A^2  by  excefs  equal  to 

[diiFerence  y>  d  of  die  Parallaxes  fought. 

iefides  the  fum  or  difference  of  the  Paral- 

ss  found  after  the  manner  defcribed  before, 

re  is  given  the  ratio  of  the  Sines  of  the  faid 

illaxes  J  namely  the  fame  (  by  Frop.  47. ) 

rji  the  ratio  of  the  Sines  of  the  arcs  Z  </»,  Xd 

;hc  apparent  diftances  from  theVcrcex.  From 

;nce  (by  Prop*  jr.)  in  both  cafes  the  Paral- 

!s  themfelves  will  be  found.  ^  E,  F» 

Proposition  LV- 
Iven  two  ahUndts  cf  a  Thanomemn  obfctvei 
pT.  at  gi'ven  Places  on  the  Earthy  the  ftme  moment 
mmey  tven  'without  ihc  common  ^z^'tmurhy  to  find 
fParallax  of  the  Phanomenon, 
P"he  Longitudes  of  the  Places  being  given,the 
pe  moment  of  time  neceffary  for  the  making 
1^  Obfervation  in  the  two  Places,  is  exprefEble 
Mhe  number  of  Hours  reckon  d  from  Noon 
jf^Midnight  refpedivcly,  and  their  difference 
Iqual  to  the  diiFerence  of  Longitudes  turn'd 
[otime,  the  more  Eaftern  Place  reckoning, 
bire  hours  ^  which  is  determined  during  the 
fervation  in  the  preced.  when  the  Phxno- 
\Qn  is  found  in  the  common  Azimuth,  un- 
Places  be  in  the  Equator.    I^et  XZ 
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[J^.  jj.]  be  chc  common  Azhnuth  of  the  two 
places  upon  the  Earth,  whofe  Vcnices  are  X 
and  Z ;  irom  which  at  the  fame  moment  of 
rime  (tho' expreffed  differently,)  let  the  Phae- 
nomenon  be  obferved,  whofe  true  place  let  be 
D;  and  its  place  feen  from  that  Place  whofe 
Vertex  is  A^  be  ^y  from  the  Place  whofe  Ver- 
tex is  2  be  A  In  the  Triangle  XD  Z,  the 
angles  X^axdZ  being  given  (contained  be- 
tween the  common  A/.imuth  of  the  Places  and 
the  obferved  Azimuths,)  and  the  Side  XZ  eho 
diftance  of  the  Vertices  (found  by  Trop,  24.^  die 
Arcs  XD,  ZD  may  be  found,  and  they  fub- 
traded  from  XJ,  Z  j'  obfervedj  leave  DJ^DJ* 
the  Parallaxes  fought,  j^  £.  R 

Proposition  LVL 

TO  fi?ui  very  txaSlj  tb$  ParaSax  cfa  Tbjtno^ 
menon^  by  a  method  not  much  Aiffcrmt  from 

the  two  foregcingy  by  the  help  of  fome  ncigbk 

Fix  J  Star, 

Since  the  Phenomenon  whofe  Parallax 

fought,  is  in  the  common  Azimuth  XDZ  [Frg. 

54.3  of  the  two  Places  on  the  Earth  pitched  up. 

on  for  thispurpofc,  whofe  Vertices  arc  -^and  2  • 

let  it  be  obferved  with  fome  neighbouring  Fix'd 
Star  ;  and  let  S  be  the  Place  of  the  Fix'd  Star, 
d  the  Place  of  the  Phaenomenon  obferved  at  the 
place  below  X;  confequently  in  this  ObfcrvA- 
rion  there  are  given  the  2xc  XJ  the  apparent 
diftance  of  the  Phaenomenon  from  the  \crtcx, 
the'  ire  SJ  the  diftance  between  the  Phaenome- 
non and  the  Fix'd  Star,and  the  angle  X</ 5  con- 
tained between  it  and  the  common  Azimuth. 
At  the  fame  moment  of  time  from  the  place 
below  2,  where  the  apparent  place  of  the 
Phasnomenon'is  <^,  let  ZJ",  S  J"  and  the  angle 
SJ"  Z  be  obferved :  And  cho'  the  arcs  XJ,  Z  / 
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^beobfcrved  exaAly^Cbecaufc  there  15  need  of 
dranc  to  meafur::  them;)  yet  they  may  do 
r  purpofc  :  Buc  it  they  could  with  p:.rfcA 
atenefs,  the  Parallax  of  the  Phacnomcnnn 
jid  (by  Prflf  f  4,)  immediately  appear.  Noc- 
hftanding  the  arcs  JS,  J^S  and  the  angles 
tftnd  ^,  may  be  obferved  very  accurately, 
proje<Sing  the  image  of  the  Phznomenoa 
fncighbouring  Fix d  Star  Sy  by  the  help  of 
nlums  or  Lens  upon  a  Plane,  upon  which 
^|ht  line  is  drawn  reprefencing  the  common 
imuth  XZ;  and  being  in  the  place  of  its 
kej(if  it  fiiould  proje^  any;)  as  is  evident  to 
mne  acquainted  wichOptics  andAilronorai- 
Dbfervations.    Therefore  in  the  Trian|;l6 
/,  the  fides  SJ",  Sd  with  the  angles  fub* 
ded  by  them  A  and  J*  being  given,  the  Bafe 
P^vill  DC  found,  which  is  the  Turn  of  the  Pa- 
laxes ;  from  whence   and   the  ratio  of  the 
|s  of  the  Segments  a  D,  Jd,  (D  being  fup- 
id  to  be  the  true  Place  of  the  Phxnomenon,) 
icly  the  fame  with  the  ratio  of  the  Sines  Z/, 
fcf  the  apparent  diftance  from  the  Vertex 
hop, 47,)fhe  Segments  themfeives Dd^D^ the 
illaxes  fought,   will  (  by  Pro;».  ji.)  become 
Vn.  Much  after  the  fame  manner  the  diffe- 
rs of  the  Parallaxes  may  be  found,  and  from 
ice  the  Parallaxes  themfelves  (by  rhe  faid 
hna,)  if  D,  </,</»,  be  without  XZj  but  yet  in 
(Continuation  of  ic.    If  the  true  Place  D 

B\  ?J.]  of  the  Phenomenon  be  without  the 
men    Azimuth    A'Z  of    the  Places,   the 
nc    things  being  exprefled   the  fame   way 
before,  thro'  the  Venices  A"  and  2  and  the 
eftire  apparent  Places,  let  the  Vertical  Cir- 
Xd^  Z<n  be  drawn,  whofc  interfetftion  is 
rue  Place  D  of  the  Phsenomenon.    Draw 
thro'  5,  the  place  of  the  Fix'd  Star,  the 

Ver- 
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Verticals  XS^  Z  5,  and  join  the  points  S,  J'^d 
by  the  great  Circles  5  J,  SA  «/^.  Let  thei 
Obfervcr  below  X,  obferve  accurately  (bcfidesi 
the  arc  XJ)  the  angles  XJSy  XSd  znd  the  Side 
SD,  either  by  the  method  infinaated  above,  or 
any  other  more  cxaA  ;  in  like  manner  let  th« 
Obferver  below  Z  (belide  Z^)  do  ro  the  Angles 
^J'S,  ZSJ"  and  the  ArcSX-  Befides,  the  ha- 
bitations being  giren  (by  Tro^-  24.)  Z  X  is  given, 
and  from  the  ficuation  of  this^  by  the  Obferva- 
cion  of  the  Fix'd  Star  S,  the  angles  Z  XS,  XZS, 
are  had  ;  from  whence  the  Angle  XS  Z  wU[ 
be  known,  which  taken  from  the  fum  of  XS  d^ 
ZS^i  will  leave  ^J/,  from  which  and  tbo 
fides  SJj  S  J",  being  known,  the  angles  5^^,  SJ^d 
and  the  fide  ^J^  are  found.  But  SdXy  S^  Z^ 
were  knpwnby  Obfervation ;  confequently  the 
others  UA^y  D^d  are  known,  by  which  and 
the  fide  di"  known  in  the  Triangle  D<i/,  the 
fides  Ddy  D^,  the  Parallaxes  fought,  are  foand. 

Proposition  LVIT. 

TWO  Obfervatiom  of  a  fix  d  Phicnomenon,  that 
isy  one  that  has  only  a  diurnal  motm,  ^ci»g 
gi'ven,  to  fnd  its  Paratiax. 

Let  EC  LI  [Fig.  ;6.]  reprefent  the  Ecliptic, 
^  the  true  place  of  the  Pharnomenon,  intirely 
fix*d  in  regard  of  the  Ecliptic,  And  in  the  one 
Obfervation  let  Z  B  L  be  a  Vertical  Circle,  in 
which  Z  is  the  Zenith,  and  fi  the  apparent 
place  of  the  Pharnomenon ;  in  the  other.  Ice 
XBL  be  a  Vertical,  X  the  Zenith,  ('for  tbc 
Vertical  point  may  be  cbnfidered  as  moved  in 
regard  of  the  Ecliptic  unmoved,  asvvell  as  the 
Ecliptic  in  refpeA  of  the  Vertex  unmoved,  and 
indeed  more  properly;)  and  b  the  ripparcnt 
place  of  the  Phsncmenon.  From  the  firft  Obr 
Xervation  (by  ^h^  Problems  of  the  Firft  morioa 

.  con- 
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^nftruded  before,)  you  may  determine  the 
lint  L  of  the  Ecliptic,  where  the  Vertical 
iffing  thro'  B  meets  the  Ecliptic  ;  and  the  arc 
L,  namely  a  portion  of  a  vertical  Circle,  in- 
Srcepred  between  the  Zenith  and  the  Ecliptic; 
ind  the  angle  ZLE  contained  between  the  faid 
|/ertical  and  the  Ecliptic.  And  in  like  manner 
the  fecond  Obfervation  of  the  Pharnomenon 
/3j  the  point  of  the  Ecliptic  C,  the  arc  XC, 
id  the  angle  XCL  will  be  known.  There- 
e  in  the  Triangle  BC  L,  the  angles  BC  L, 
[LC  being  given,  and  the  fide  CL  that  lies  be- 
een  them  (namely  the  diftance  of  the  known 
lints  in  the  Ecliptic,)  the  fides  BL,jBC  will 
known,  which  taken  from  the  arcs  found 
before  ^L,  XC,  will  leave  2  B,  XB.  And 
liefe  again  taken  from  ZH,  Xh,  the  known  ap- 
parent diftances  from  the  Vertex,  leave  B  /?, 
b  the  Parallaxes  of  the  Phenomenon  agreeing 
the  moments  of  the  obfervations. 

Proposition  LVIII.    Lemma. 

ET  there  be  two  reBilineal  Triangles,  ABC, 

DEF  [Fig.  J7.]  having  the  Angles  ABC, 

E  F  given  J  and  let   the  ratios  of  AR   ro  D  E> 

?C  to  DF,  and  DC  to  E  F,  ttf  given  :  To  fmd 
th  Triangles  from  the  fide  A  B  given. 
Make  the  angle  G  BC  equal  to  DEF,  and 
take  B  G  fuch,  as  that  the  ratio  oi  BA  to  BG 
may  be  equal  to  the  ratio  compounded  of  the 
given  ratios  of  BA  to  £  D,  and  E  F  to  BC, 
~  'hich  is  done  by  taking  B  G  equal  to  a  fourth 
iroportional  to  EF,  BC  and  ED-  Then  in 
C  given  by  pofition,  chufc  fuch  a  point  C,  as 
lat  the  ratio  of  the  lines  connected  AC,  GC  is 
[ual  to  that  compounded  of  the  given  ratios  of 
C  to  D  Fy  and  EF  to.  B  C,  which  may  be 
■5lone  as  before.    Then  let  B  G  be  co  BH  in 

the 
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the  ratio  of  B  C  to  E  F,  and  lee  W  J  be  paral- 
lel to  G  C  .  I  fay  the  Triangles  A  EC,  B  H  l^ 
are  chofe  Cpught. 

'Tis  manifeft  from  the  Conftruftion,  that  the 
ratio  of  BC  to  B  /,  is  equal  to  the  ratio  of 
B C  to  £  F ;  and  that  the  Angles  ABC,  fiBI, 
are  equal  to  the  given  ones.  Befidcs^  the  ratio 
of  y^  B  CO  B  G  is  compounded  ( Ky  conftruftion) 
of  the  ratios  of  ^  B  co  £  D  and  a:  F  to  B  C  :  But 
the  ratio  of  ^4  B  to  BG,  is  compounded  of  the 
ratio  of  ^  B  to  BH,  and  of  the  ratio  of  BH  to 
BG,  or  £  F  to  BC J  and  therefore  j4B  has 
the  fame  ratio  to  BH  as  ic  has  to  ED.  Again, 
the  ratio  of  AC  to  C  G  (by  conftruftion)  is  com- 
pounded of  the  ratio  of  y^C  to  D  F,  and  of  the 
ratio  of  £  F  to  B  C,  or  FII  zoGC  .  But  the  ra- 
tio of  WC  to  CG  is  compounded  alfo  of  the  ra- 
tio of  AC  to  HI  and  HI  to  GC^  and  there- 
fore A  C  has  the  fame  ratio  to  H I  ^s  ic  has  to 
DF.  Therefore  the  Triangles  ABC,  BHI,  hflva 
the  conditions  required. 

Proposition  LIX.    Lemma* 

THE  ratio  of  the  Shtet  eftbt  Arcs  AB,  CD, 
[Fig,  :i8.  ]  inlonging  to  4  given  CircU,  and 
the  r»:tio  of  the  Sims  of  the  Arcs  taken  avfay  AE, 
C  F,  and  the  arcs  remaining  E  B,  F  D  being  gi» 
njen ;  to  fnd  the  oi/hoU  arcs  and  tkofe  taken  aTUjj. 
AB,  CD,  AE,  Cr. 

In  Circles  equal  to  the  given  ones,  let  there 
be  fnppofed  to  be  taken  the  arcs  G  L,  LH^  J M^ 
MK  refpedivcly  the  doubles  oi AE,  E  B,  CF, 
FD:  Wherefore  GLH,  I  MK  ^^\ll  be  refpcK 
^vely  the  doubles  of  AR,  CD,  Compleat 
the  rectilineal  Triangles  LGH,  MIK,  in  which 
are  given  the  ratio  of  GL  to  J  My  the  fame 
with  the  given  ratio  of  the  Sine  of  the  arc  A  E, 
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it  Sine  of  the  arc  C  Fj  the  ratio  of  LH  to 
QC,  the  fame  with  the  racio  of  the  Sines  of  the 
cs  given  E  By  FB;  the  rario  of  GH  to  IK^ 
Inch  is  che  fame  with  the  given  ratio  of  the 
nes  of  the  arcs  AB^  CD»  There  are  alio  gv- 
n  the  angles  LGH,  MIK  infifting  upon  th« 
lown  arcs,  and  therefore  (by  the  prec.  Prop,) 
I  angles  LHG,  MKI  will  be  known,  and 
Dm  thence  the  arcs  G  L^  I  My  and  their 
lives  A  E,  CF:  But  the  arcs  themfelves  £  B^ 
are  given  j  therefore  the  wholes  A  B,  CD 
alfo  known. 

.nd  after   the    like  manner,  the   ratio  of 
Sine  of  the  whole   arc  to   the   Sine  of 
arc  taken  away^  and  the  remaining  an: 
If  being  given,  the  whole  arc  and  the  arc 
;n  away  may  be  found.    For  fuppofe  GLH 
p  double  of  the  whole  arc,  and  C  L  of  the 
jC  taken  away  j  from  whence  you  have  L  H 
iible    the  remaining  arc.       Conneft  G  H, 
^,  L  H,  and  in  the  Triangle  LGH^  there 
^given  the  ratio  of  the  fides  G  L,  GH ;  th» 
ipe  with  the  given  ratio  of  the  Sines  of  the 
le  arc  and  that  taken  away ;   The  angle 
H  is  alfo  given,  infifting  upon    the   gi*- 
arc  LH.    And    therefore  (by  41.  of  tht 
ft,t   of  Euclid,  )    the  angles  G  L  H,    G  H  L, 
p  given;  and  therefore  the  arcs  on  which 
ey  ftand,    'viz^  the  complement  of  the  arc 
fLH  to  the  whole  circumference,  and   the 
G  L ;  and    confequently   GLH  and  G  L 
tmfelves,  and  their  halves,  namely  the  arcs 
ight. 


fRO. 
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Proposition  LX. 

/TO  AUitHdcs  of  a  Tbanomenm  not  altering  U 
Declinattanf    and  the  correfjond'sng  Aztim$rti. 
t:htg  gi'ven,  to  find  its  VaraVnx* 

In  two  obrervracions  of  a  Fix*d  Star  fir 
hing^  may  be  given  j  namely  the  two  AkinidcsJ 
wo  Azimuths,  and  the  Time  between  the  ob 
rvations ;  from  any  four  of  which  the  Paral- 
may  b*  found,  from  whence  arifc  thefe  three 
following  Problems. 
For  the  folution  of  the  firft,  IctPf'^^.  ^9-] 
prefenc  the  Pole  ;  L  the  true  place  of  the  Phae- 
lomenon;  and  in  one  of  the  obfcrvations  Icr 
A/ be  the  Vertical  Circle,  and  Mthc  pince  of 
ic  Phenomenon  obfcrved  in  it,  and  therefore 
M  the  Parallax  \  in  the  other  let  LN  be  the 
'erfical  Circle  pafling  thro'  L,  and  L  N  the  Pa- 
illax  of  this  obferyaiion.  Let  the  great  Cir- 
xles  PMy  ?N,  NM  he  fuppos'd  lo  be  drawn. 
From  the  Altitudes  and  Azimuths  obferved,  and 
the  Height  of  the  Pole,  the  Arcs  P/)/,  PN 
the  apparent  diftances  from  the  P,  and  the  An- 
gles FAILyPNL  contained  between cheCircles  of 
Declination  and  the  Verticals  are  known :  There 
is  alfo  given  the  ratio  of  the  Sine  of  the  Paral* 
lax  L  M  to  the  Sine  of  the  Parallax  L  N ;  name* 
ly,  the  fame  (by  Vrcf,  47. )  with  the  ratio  of  rfic 
Sines  of  the  diftances  obferved  from  the  Vcr^ 
tex.  There  are  therefore  given  the  ratio  of 
the  Sines  of  the  whole  Angles  PMN,  ?NM, 
namely  the  fame  with  the  ratio  of  the  Sines  of 
the  known  Arcs  PN,  PM ;  alfo  the  ratio  of  the 
Sines  of  the  Angles  LMN^  LNAI  taken  away, 
the  {iimt  with  the  ratio  found  before  of  the  arcs 
LNy  L  AI;  as  alfo  the  remaining  Angles  P  ML 
PML  found  before  by  Calculation.  Therefore 
the  Angles  th&mlelves  PMN,  PNAS,  LMiV, 

LNM. 
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^M  will  be  known,  (by  chc  preced.  Lemma.) 
jaiflj  in  the  Triangle  M?  N,  the  Sides  PM, 
^  being  given,  with  the  Angles  fubtended  by 
tm,  the  Bafe  MN  is  found.  And  laftly,  ia 
!  Triangle  lAfN,  the  Bafe  MN,  and  the 
igles  adjacent  LMNy  LNAI  being  gi^en, 
i  Sides  LM,  LN  the  Parallaxes  fought  will 
found. 

T  one  of  the  Obfervations  was  made  when 
.  Pha*nomenon  was  in  the  Meridian,  then 
l^f  the  Triangles  PML^  or  FNL  is  changed 
fan  Arc,  and  the  Calculation  becoilics  much 
pier. 

Jut  if  the  Phsenomcnoh  L  change  its  Dccll- 

ion,  and  that  equably,  (which  will  be  done' 

>ne  revolution  of  the  Earth,  or  thereabouts,) 

fcay  ftill  find  its  Parallax,  by  correding  the 

B  of  rhe  Phxnomenon,  by  a  proportional 

|of  the  Declination  thus:  When  the  Phino-. 

)pt\  firft,  next  after  the  firft  Obfervation,  ar- 

i  at  the  Azimuth  LM,  obferve  its  apparent 

tude,  which  will  be  different  from  that  ob- 

kd  the  Day  before,  otherwife  it  would  re- 

[the  fame  declination.    Let  the  difference 

I*    Call  the  diftance  of  time  between  the 

(r-firft  Obfervations  made   in  A/ and  N,  5^^ 

fthe  time  between  the  two  Obfervations  or 

fhxnomenon  in  the  Azimuth  L  My  C.    And 

Ic  difference  of  the  aforefaid  Altitudes  y4, 

[n  excefs,  to  the  apparent  Altitude  in  M 

b-i  but  if  this  difference  be  a  defetft,  fub- 

lie  from  the  fame.  This  fum  or  difference 
fce  the  correAed  apparent  Altitude,  which 
jD  the  preceding  Calculation  (inftead  of  the 
jcr  Altitude  in  LAI)  gives  the  Parallaxes 
(ht  of  a  Phaenomcnon  that  docs  not  change 
licUnation. 

Aa  Pro- 
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.-V?:;*:-  "     »?=  i^"  :':^:.   ^»^  fi?  Time  if 
'..':■:    *   :  :*  ;  •:J^-:■  vj-.-.'^y-j  r:    /^;./  f:;^  Ptzraujx  cf 

L::  ;  bz  the  Pole,  (Er,  4?.)  E  the  true  place 
c:'  :!.2  1  hxr.:nvin:n,  5  rha  apparenc  place 
v.h-n  A'is  the  Zcnuh,  and  //when  Z  is  the 
Zir.izh.  There  are  given  :he  :wo  apparent  di- 
ftanus  frcni  the  \£r:es,  namely  A'F,  2H, 
J:n'i  ti.i  Angli  L\\F^  fince  one  Azimuth  is  gi- 
vcn^  and  t;.e  A/imuch  XPZ  i5  known  by  the 
li.-ne.  In  th^  Ilolciks  Triangle  PA'Z,  the  e- 
qua:  Sides  PX,  F  Zy  and  the  Angle  A'?  Z  be- 
au^ given,  PXZj  XZ  itie  found :  And  fince 
PArii  given,  ZXF  is  ii.Ib  fcund.  Therefore 
in  the  Triangle  A' 2  F,  XZ,  XF,  2  AF  are  gi- 
ven ;  and  therefoie  Zf,  Z  FA  become  known. 
Therefore  the  ratio  of  the  Sins  of  the  angle 
ZFHy  CO  the  Sine  of  the  angle  ZHFis  given; 
numtly  :L^  fanic  v.'ich  liiat  cf  the  Sine  of  thz 
arc  ZH,  lu  tliU  :.iae  of  the  arc  ZFj  and  the 
r:.do  of  the  Sine  of  t;..;  :ir.{^la  Z  HF  to  the  Sine 
c;'.*  thu  :-:uv;;  LTU^-  or  livj  Sine  of  the  arc  EF 
to  ii.e  oil;-- ;.:"  che  a;c  ■'/.'..,  or  the  Sine  of  die- 
aiw  ;;  V  u)  Live  .:ine  cf  rl..*,  arc  ZH,  There- 
''.-■i'-  :'  e  r.jii ,  of  ih^  ::iiic  of  the  angle  Z  F//to 
li.i;  ;.?:-c  of  ci:e  ,\n)i}::  i.i't-I  :"> givcn^  and  the  d'l'r 
f:irr:c;'^  rf  thv.ii;  Ani-Ie:.  .::fE  is  alio  given  j 
..;.  'iliw^i  t'.::r  (!.y  --r  ^y.)  d.ecin»i:''^s  thcinielves 
: ,  -'.'/.  ;■;  -/;  n'jCf.MP^  known  ;  ard  wOnf.quently 
/:/■■/'  ':].[}.  ./-.nd  hkU}  ^u  tho/iilidfjglc  E FHy 
'/'',  '  ■■",  /.. ''*;•'  i^w.i.jp^  i;;ivei),,  the  Parallaxes 
I- : ',^i   :.  '   ;•■'  Li.i^c.::i- kiiuv^a.    i?.£.K 
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Proposition    LXIL 
Iven  fit^o  [Az'Swut/j]  bfa  VhitnomcTion^  tegttb 

•with  ths-AltituAe  (f  one  of  them^  and  rAJ 
Ictween  the  npo  obfert/ations  cf  tht  Axdmuth^ 
\d  the  'Patallax  of  the'  Vha;vomin(m» 
'he  fame  things  being  fuppofed  in  the  fartK 
tgratn,  after  the  Eime  manner  may  P  X 
psA  t6  P ;?  X,  and  Jf  Z  be  found.  The  tW< 
eimuchs  being  given,  the  Angles  VXE,  ?Z 
iiven,  and  therefore  the  angfei  XZ  EyZXi 
ime  known  ;  by  which,  together  with  A', 
XR  be  found.  But  bccauft  the  Alficude 
sn,  its  complemenc  XF  is  alfo  given,  ant 
fore  EF  the  PaTallax  Ibughc  will  becomt 
liwn.    4J.  E.  F. 

in  the  cafe  of  either  of  thefe  Problems 
•haenomenon  has  any  motion  afcer  ai>  in^ 
t  revolution  of  the  Earth,  when  the  Zcnitl 
jeturns  to  the  fame  point  of  the  Heavens,  rh< 
fenomcnon  will  be  obfervedj  not  in  F(as  be* 
1^  but  in  fome  other  place,  for  inftance,  G  j 
FGy  XFQ  become   known  by  obfervatloHi 
:e  therefore,  as  a  whole  Circle-is  to  FG,  id 
Angle  AT/5  to  FL,  and  draw'a  grcjit  tiW 
XL  cutting  ZH  in  A/.     Ift  the  Triangld 
^y.XF^  FL,  XFL  being  given,  XL,  FXH 
llfo  given;  and  therefore  Z  XL  is  a!fo  given. 
!ly,    taking  the  points  L,  M  inftead  of  i^ 
i;,  HM  the  Parallax  of  the  Pharnomenoit 
'  be  found  as  before.    ^  E.  F. 
'here  are  other  forts  of  Obfervatjons,  where-i 
he  Parallax  of  a  Phaenomenon  may  beGeoM 
fically  determined  j  as  its  ingref;  into  the 
aw  of  a  Planet ;  and  a  Conjundion  of  Bb- 
fecn  between  the  Phacnomena.     Bift  llnce! 
:  things  do  not  belong  to  the  Parallax  con- 
ed in  general,  they  more  properly  belong 
locher  place  in  the  following  Books. 

A  a  2  Paor 
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Proposition   LXIIL 

TtlE  flact   $f  a  Phjmomencn  in  rcfpeS    of 
EclipsUy  ffni  tbt  ParjUax  of  a  p*vm  AlutuJt^\ 
tt  ^Ifo  tie  fUci  cf  the  Surty    en  J  the  bntr  cf  tht 
D^  ^t'i^g  given,  sfi  find  the  TaraSax  ef  Lof^UmU] 
and  Usritudt  of  tbt  Vb/snomtnon. 
.   Let  rn  be  the  Horizon,    i^^gA^)  ECB 
the  Ecliptic,    and  ZCI^  z  Vertical  Circle  paf- 
fing  chro*  the  Pbenomenon.    Let  A  be  the  tnie 
place  of  the  Pharnoraenon  in  it,  a  the  apparenr; 
and  therefore  A  a    the  Parallax  of  Altitude. 
Thro'  j1  and  a  draw  the  Circles  of  Laticade  AB 
sbf  nreecing  the  Ecliptic  in  R  and  b.    Now  fby 
Prcf .  ;6.)  there  are  given  the  Angle  VC  B,  and 
arci  VAy  VCy  and  therefore  their  difference  A  C. 
But  becaufe  the  Parallax  of  a  certain  given  Al-^ 
titudeis  given,  the  Parallax  of  the  given  AHitxide, 
VA  willalfo  be  given  (by  Pr5p47.)  namely  the  an 
A  a.    Confequently  the  fum  or  difference  C  a,\ 
of  thefe  arcs  CA  and  Aa  are  given.   Thcrefon 
in  the  Triangle  aCb^  befides  the  right  Angle  ai 
b^  there  are  given  the  Side  aC,  and^Anglc  .^Cb^ 
from  whence  the  Sides  Cb,  at  will  becom* 
known.     But  becaufe  the  place  of  the  Pharno- 
menon  A  m  refpeft  of  the  Ecliptic  is  knowflj 
and  the  point  of  the  Ecliptic  (by  Frop,  56.)  bI- 
fo  known,  die  arcs  AB  and  CB  are  kno^ 
Therefore  the  difference  between  ab  and  A  Hi 
namely    the    Parallax    of    Latitude   becomt 
known^  and  the  difference  between  Ci  and C  5, 
mmely  the  Parallax  of  Longitude  alfo.    i^E. 
The  converfe  of  this  Problem  is  folved  aft< 
the  fame  manner  ;  for  if  the  Parallax  of  Lon- 

f\hud»Bb,  or  the  Parallax  of  Latitude,  the 
crcnce  between  ba  and  BA,  be  given,  Cb 
ab,  (from  the  Place  of  the  Phxnomenon  in  1 
Cp^c^  of  Khc^^qlipcic  already  given,  and  (a 

theu( 
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hence  the  arcs  CB  and  BJ,)  will  be  givei 

\nd  fioce  befides  the  Angle  ac  C  in  the  righ( 

"ngled  Triangle  Cba  being  given,  Ca  will  b( 

;iven,andconfequencly  F^r^fmccFC  (hyProp.^6.] 

»  already  given  :  But  FA  is  known  ;    therefore 

he  Parallax  of  Altitude  A  a  will  not  be  un- 

nown.    If  the  Phenomenon,  as  the  Sun,  be 

1  the  Ecliptic,  the  cafe  is  much  more  fimple. 

but  bccaufc  the  Parallax  of  the  CeleftiaL  Bor 

ies,  even  the  neareft,  is  a  pretty  fmall  Arcj^ 

lerefore  fome  conftruft  this  Problem  of  find- 

^  the  Parallax  of  Longitude  or  Latitude  from 

|p  given  Parallax  of  Altitude,  more  expedjti- 

afly  thus :  Thro'  A  imagine  the   line  J  ^  to 

drawn  parallel  to  Hk  Therefore  in  the  fmall 

[iangle  A^a,  which  is  looked  upon  as  re<aiUr 

there  being  given,  befides  the  right  pngic 

the  angle  ^yi^  equal  to  ACB,  and  one 

the  Sides  A  a  the  Parallax  of  Altitude,  the  Ot 

ir  Sides  ^^  the  Parallax  of  Longitude  and 

I  the  Parallax  of  Latitude  are  found,  by  the 

jffe  refolution  of  a  plane  Triangle. 

ffiut  if  not  che  abfoluce  Parallax  of  the  Phae- 

bnienon  be  given,  but  the  relative  in  refpeft 

I  another  more  remote  Phenomenon,  that  is, 

jeexcefs  of  the  Parallax  of  the  nearer  Ph«- 

>menon  above  the  Parallax  of  the  more  re^ 

(bte  ^  fuch  an  cxcefs  in  a  vertical  Circle  being 

iven,  the  excefs  in  regard  of  any  other  Circle 

dl  alfo  be  given. 

For  the  abfolute  Parallax  of  a  Phenomenon, 

cxcefs  of  the  Parallax  of  the  Phxnome-^ 

itfelf  above  the  Parallax  of  the  Circle  of 

sphere,  which  is  nothing,  becaule  it  is  lup- 

infinitely  diftanr. 


Aa  J 
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Section-  VIII. 
Cwicerr.ine  the  Refraillo:i  of  the  Star?* 


o 


P?.cp:  =  it:c:;  LXIV. 

N'  :oi  &cco:tn:  i/"    an  A:m:p:oere,    ^'bicb  h 
din^ir  :o..n  i:e  j^x,:'-  »■,   clrcufhUiid  .ihcut  tbi 
Earthy  (aco  Star  efTCizrs  w;r^  t»i.ij:td  ■.  h^vt  the  H^ 
rizy/n  in  the  [&mt    l^'crtica!  Cicl^y    th,in  it  wouU 
appear  were  thin  «:-  Atmoff'j-r-  .-:  ai'. 
'*  Let  Trepref^h:  theEarch  fin  F-g.  42,)  round 
which  the  Atmofphere  j^lED  is  diffufed  ;  5  any 
Star;  Othe  Spectator,  placed  on  the  Sur&ce  of 
the  Earth.    If  there  were  no  Atmofphere  at  all, 
or  if  it  were  equal  in  denfity  to  the  circamfufed 
^ther,  the  Rays  of  Light  would  reach  directly 
from  5  to  O,  nor  would  they  ever  be  bent  into 
a  Curve  line  ;  becaufe  in  an  homogeneous  Ale- 
dium.      But  if  the  Rays,    after  their  paiTage 
thro'  che  -Ether  S  ^,  cncer  into  a  dcnfer  Atmo- 
fpl.erc:  in  J,  they  uill  be  rcfraded  towards  the 
J<ight  line  ,^A  i\  perpendicular  to  the  Surface 
of  the  Atmofphere  at  A ;    as  is  evident  from 
DLpirlcs.    But  it  is  not  probable  that  an  Atmo- 
fphere very  confid^rably  denfcr  than  the  iEther 
is  i.rimcdiaicly  under  it^  and  then  continued  all 
along  to  ti;'c  E.irth  (jf  the  fame  denfity  ;  or  that 
all  tlie  Refraction  of  the  Rays,  that   pioceeJ 
from  uny  Star,  is  pcrform'd  in  that  llngie  Sur- 
face wl.icii  f'-paraccs  the  yiuhcr  from  the  Atmo- 
fpiiwrc,  (.is  it  is  commonly  believed,)  tije  porti- 
c.:5  c)f  the  Ray  from  S  to  the  ontmoft  :5urface 
-:   i:  ■.  A-.-:::-''n-vjr(.:,   and  froti-j  t'*:::KC  to  the 
i'.-w.i\,  c:.:;  ;;  .:\:''r  ail  -h^  wiiii.:  :  .'-^j^Lz  lines  j  ;is 
\.\:\i  I.:,  a  R.iy  ;.  I'iing  out  ci'  A:r  ii.io  Water  is 

only 


bent  at  the  Suf fade  of  the  latter,  bcijtig 
it  bocti  before  and  afterwards.     Hie  Atinor 

fere  rather  ftcrps. to  extbnd  itfelf  to  a  ver^ 
rear  height,  and  to  be  rarer  in  its  higher  ancJ 
lore  remote  parti,  and  der.fef  in  the  lower; 
n  which  accOu'ftc  a  Ray  proceeding  from  ^ 
tax  5,  fufFers,  fome  Refradion  towards  the  per- 
[jftdicular^  in  a  diftance'from  the  Earth' nTucH 
reater  thai>'is  commonly  beli(;ved  J  an'^  i"  rs 
rogrels  (as  at^,    C  &c.)  it  is  rcfr:.  ^ 

ime'^way,  becaufe  the  medium  of  the  Atmo- 
>herej  that  it  enters  into^. is  itiore  and  more 
zrik,  the  nearer  it  comes  to  die  Earth:  An.4 
icrcfore  a  Ray  after  its  entrance  into  the  AU 
^phcre  (by  reafon  of  the  perpetual  refratfliy  i 

mat  the  Spherical  fuperticieS  conccntrrc  co  the 
Irth  of  a  continually  dcnfcr  medium)  is  curved  ' 

i  all  its  parts,  and  concave  towards  T.   But  an  \ 

ye  plac'd  at  O  fees  a  Star  in  the  lad  parr  olF 
le  Ray  J  BCD  from  0  prodnc'd,  namely  in  ^r ;  w 

ir  this  part  only  afFed^s  the  Sight.     But  rfic  ( 

rrt  OC  of  the  Ray  prodtjccfly  or  the  R^  j 

ne  touching  the  Curve  ^  RCJOln  O,  ijhnici}^  |^ 

(T,  is  lefsinclind  to  the  Horizon  of  the  Sp-:-  .  \ 

ator  HO,  than  the  Righfli^e^  cdnncALnf,  '.' 
id  O,'  becaufe  the  line  yf/? CO  is  conc.n'^  m- 
ardsT:  And  therefore,  to  an  Eye  at  O  a  b:^r 
spears  in  a-,  higher  above  the  Hori/on,  by 
:afon  of  the  circumfufed  Atmofphcrc,  than  if 
lerc  were  no  Atmofphere  at  all. 

Befides,  the  Curve  th:^t  the  Ray  propagated 
clique  thro'  the  Atmofphere,  puts  on,  is  in 
le  lame  Plane  produced  thro'  the  Star  and  the 
Ikter  of  the  Earth.  For  in  DioptricsYis  dc- 
Bftftrated  that  the  former  part^  B  of  the  Curve 
ronfiftingj  as  it  were,  of  Right  lines)  is  in  the 
lane  thac  the.  Righc  lines  JS,  ^^,  (becaufe 
^the  Plane  of  Inflection; '  that  is,  in  the  Plane 
A  a  4  pro- 
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prodaced  and  palEog  thro'  the  Star  S  and  Cen- 
ter of  the  Eardi  T;  for  ( by  Pr<f-  ;.  B.  i.  Sp&v. 
Theolf)  the  Right  lice  4_^  P  produced,  pal&s 
fhro*  the  Center  r ;  >nd  its  fecond  pan  B  C  is 
in  like  manner  in  the  Plane  pafSng  thro'  B  A^ 
and  the  pcrpendicalar  thro'  B  \  that  is^  in  the 
fame  Plane  with  the  former  :  and  (b  on  in  the 
other  parts  of  the  Ray  A  It  CO.  Therefore  that 
jntire  Carre  is  in  the  lame  Plane  produced^  paf- 
(ing  thro'  the  Star  and  the  Center  of  the  Earth; 
and  therefore  the  Right  line  O  r  touQhing  the 
Cnrre,  (becaufe  a  fmall  particle  of  it  produced 
in  a  Right  Une)  i>  in  the  fame  Plane :  But  this 
Plane  is  vertical  to  the  Obfervcr  0,  (for  it  paf. 
fe$  thro'  the  point  O,  and  the  Center  of  the 
farrh^^  therefore  the  Scar,  by  reafoij  of  the  Re- 
fra^on  made  in  the  Atmofphere^  appears  in 
the  fame  Vertical,  but  higher  above  the  Hori- 
zon.   ^  E.  £>. 

SCHOLIUM, 
It  appears,  from  the  demonftration  of  the 
preccd-  Prop,  that  the  RefracHon  is  the  Qaic, 
whether  the  Star  be  nearer  the  Earth,  or  far- 
ther off  ffor  inftance,  in  /orinS^)  provided 
their  apparent  Altitude  above  the  Horizon  be 
the  fame:  For  in  this  cafe  the  Right  line  ^O  re- 
volving above  the  Axe  TO,  reaches  to  the  ap- 
parent place  of  /I  Bcfidesj  'tis  probable  that 
the  Atmofpherefpread  about  cheEavth  does  not 
extend  ic  felf  to  the  Moon,  much  lefs  to  the 
more  diftant  Stars  ^  and  therefore  the  ftrait  part 
fA  of  the  line  SfA  BCQ^  (before  ic  begins  to 
be  bent  into  a  Curve  by  the  Atmofphere)  will 
graze  upon  the  next  Star/.  And  con^-^'^''"rIy 
the  Ray  proceeding  from  ic  (namely  .  nc 

in  the  Aimofphere  into  yi  B CO,  after  (he  hke, 
nay,  afcer  th^;  very  fame  manner,  as  5^  pro- 
pagated fropi  th?  ipore  4iftant  Star :  fince^t  is 

'    all 
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ill  one  (as  to  the  Refradioh  made  in  the  A( 
npfphere)  whether  the  Ray  begin  from  S  or 
rhcreforc  'tis  contrary  to  the  nature  of  Light,' 
i\Sit  the  Rays  of  a  nearer  Star  fliculd  be  refra- 
cted otherwife  than  (all  other  circumftances 
emaining  the  fame)  that  of  a  more  diftant  one. 
Tis  true  that  the  Angle  ^OSis  greater  than 
he  Angle  ^Ofy  but  the  difference  of  them /OS 
s  owing  to  the  cxcefs  of  the  Parallax  of  the 
learer  Star  above  the  Parallax  of  tlie  more  dU 
tarn  Star,  and  not  to  the  Refratftion.^ 


tPoPOSITXON  LXV. 
HE  lower  Stars  are  more  ek^vatedhy  reafm  of 
tie  Refraction  at  the  Atmoffbere^  than  she 
Hgber,  other  circumfiances  remaining  the  fame^ 
tin  Dioptrics  'tis  demonftrated,  that  in  the 
ne  Mediums,  the  more  oblique  the  incidence 
if  the  Ray  is,  the  greater  the  Angle  between 
he  refraded  Ray  and  the  incident  Ray  produ- 
:ed  J  that  is,  in  the  prefent  cafe  [Fi^-4;.]  thac 
he  part  y^B  of  the  Ray  ABCO,  proceeding 
rom  the  lower  Star  5,  contains  a  greater  Angle 
?ith  5-^  produced,  than  the  part  FG  of  the 
fey  FGKO  proceeding  from  the  higher  R  does 
tnth  RF  produced  ;  becaufe  SA^issi  greater 
Ingle  than  R  FLj  fuppofing  that  LF produced 
iHsuponT*.  After  the  like  manner  BC  will 
©ntain  a  greater  Angle  with  A  B  produced, 
han  GK  with  FG  produced,  and  fo  on;  thac 

(the  line  A  BCD  is  more  curved  in  all  its  pares 
an  FGKO  in  its  correfponding  parts,  or  luch 
are  equally  diftanc  from  the  Earth.     And 
erefore  a  Right    hne  touching  the  Curve 
^ CO  in  O  contains  a  greater  Angle  with  the 
ht  line  OS^  than  a  Right  line  at  the  fame 
,  touching  FUKQ  with  the  line  OR-  The 

lower 


1 


iXEMEWTS       Book 


H 


the 


lower  Star  therefore  i$  more  elevated  by 
Refraftion  ihan  an  higher      ^  E.  D. 
COFOLLARTv 

Tlie  Place  of  aPhxnomenon  when  it  u  ill 
the  Zenith  is  not  changed  by  the  Refraftion  f 
For  the  Rays  in  this  cafe  falling  perpendicularly 
npon  all  the  Surfaces  of  the  Mediums,  of  which 
the  Atmofphere  confifls,  are  not  refrafted  ;  but 
going  diredly  to  the  Eye  in  O,  make  the  Phe- 
nomenon appear  in  the  fame  Right  line  as  \t 
would  appear  were  the  Atmofphere  away. 
And  for  the  fame  reafon  the  Eye  being  placed 
in  the  Center  T,  the  Refradion  made  at  the 
Atmofphere  would  have  no  power  to  change 
the  apparent  place  of  the  Star  5  for  every  pofnc 
in  the  Heavens  would  be  a  Zenith  to  it, 
C  O  R  O  L  L  A  R  r    2, 

Ah  account  may  from  hence  be  given,  why 
the  Sun  or  Moon  appears  of  an  Oval  Figure 
near  the  Horizon.  For  fince  the  upper  Limb 
appear  but  a  little  more  elevated  than  it  fljould 
be,  and  the  lower  a  great  deal,  the  latter  by 
the  Refraction,  will  afppear  to  approach  the  for- 
mer. And  therefore  the  ere<^l:  or  vertical  Dia- 
meter of  the  Luminary  fecms  cont  rafted  or 
ITiortenedj  while  the  tranfverfe  or  horizontal 
one  is  not  fo,  bccaufe  its  extremities  are  equal- 
ly elevated  by  the  Refraction.  For  the  lame 
renfon  the  diftance  of  two  Fix'd  Stars  by  ob- 
fervation  is  fenfibly  lefs,  (  if  ic  be  meafured  by 
an  Inftruraenc,)  when^  both  being  in  the  fame 
Vertical,  one  of  them  is  nearer  the  Horizon, 
than  when  both  of  them,  by  reafon  of  their 
greater  Altitude,  are  free  from  all  Refradion. 
COROLLART^y 

On  this  account  it  is  alfo,  that  the  Snn  and 
the  other  Stars  rife  fooner  above  the  Horizon, 
Xnd^Iet  later,  than  they  ought^  according  to 

their 
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ibw  places  deisermined  by  the  aforefaid  Me- 

:hods.     For  the  Ray  flowing  from  fuch  points 

>f  the  Heaven  as  are  but  a  little  below  the  Ho- 

izon,  are,  fo  incurvated  in   the  Atmofphere, 

hat  the  Right  lines  touching  rhem  at  their 

ixcremicies,  where  they  enter  the  Hyc,  being 

HX)ducedj  are  above  the  Horizon.     For  which 

fiafon  the  Moon  has  been  feeh  to  be  eclipfed, 

bo'  the  Sun  was  above  the  Horizon ;  whereas 

»ne  of  the  Luminaries  at  that  time  being  oppo^ 

►te  (by  Prop.  i8.  H,  i.)  to  the  orhej\  and  above 

te  Horizon,  the  other  muft  neceffarily  be  be- 

p?  ic,    'Tis  to  the  fame  Armofphere  diiFufed 

Otind  the  Earth,  that  ifs  Inhabicanrs  owe  the 

to's  fhining  to  them  longei*  than  it  would  do 

P^e  there  no  Atmofphere ;    and  that  when 

le  Sun  is  kept  from  inlighcening  any  given 

nhabitant^  by.rcafcJn  of  the  Spherical  Surface 

f  fhe  Earth,  thick  darknefs  does  not  immedi- 

Iv  cover  him,  but  he  enjoys  a  Twilight  for 

(niiderable  time,  the  Light  being  gradually 

inguifhed. 

Proposition  LXVJ- 
O  define  how  much  a  Star  appearing  in  a  given 
Altstude  is  dtvsttd  by  the  Refriictlon'^  and  to 
^te  o  TMc  of  the  RifraHion  of  the  Sturs. 
jChufeaStar  that  has  no- fenhble  Parallax  ; 
pnply  fome  one  of  the  Fix'd  Stars  that  is 
W'aced  much  above  the  Horizon  of  the  Ob- 
B''§r.  Let  its  Place  be  determined  (by  Prop.26.) 
l-.  obfervations  made  when  ic  was  elevated 
pfty  much,  and  therefore  when  it  was  out 
iithe  Effeifls  of  a  fenfible  RefracHon.  Let  the 
Be  be  marked  of  its  coming  afterwards  to  the 
^en  Altitude,  either  afcending  or  defcending, 
fi  find  then  .by  Calculation,  the  Altitude,  for 
jp<lime  markedy  -of  the  Scar  (whofe  place  is 
fi  known. 
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knowDj)  and  that  will  want  of  the  obfenred 
Altitude,  as  much  as  the  Star  is  elevated  by  cbc 
Refradion  in  that  given  apparent  Altitude. 

After  this  manner  may  a  Table  of  the  Refra* 
clion  of  all  the  Stars  be  beft  conflnided,  if  the 
true  Alcirudes  of  the  Fix'd  Stars,  agreeing  to 
the  times  exadly  reckoned  by  a  Pendulum 
Clock,  be  compared  with  the  Altitudes  of  the 
ferae  Star,  in  the  fame  apparent  points  of  time: 
For  (he  difference  between  the  true  and  appo* 
rent  Altitude  is  the  Refra<^ion  agreeing  to  that 
Altitude.  And  fince  the  Refraftion  of  a  Fix'd 
Star  at  the  greatefl  diilance,  and  of  any  other 
Star  at  a  UG  diilance^  is  the  fame,  in  the  famo 
apparent  Altitude  (by  SchoL  Prop.  64.^  ^cis  cri- 
dent  that  a  Table  of  the  Refradtion  of  all  the 
Stars  is  made.    ^  E.  F. 

SCHOLIUM. 

If  the  Dioptric  den/ity  of  the  Atmofphcrc 
were  known  in  any  given  diftance  fcom  the 
Earth,  or  the  ratio  of  the  Sine  of  the  Angle  of 
iocidcnce  to  the  Sine  of  the  refrafied  Angle,  m 
the  paflage  of  a  Ray  chro'  its  Surface  concen- 
tric with  the  Earth,  whofe  diftance  from  the 
Center  is  known  ;  then  by  Geometry  you  may 
find  out  the  nature  of  the  Line,  into  which  chie 
Ray  is  bent  by  reafon  of  the  continued  Refra- 
dion  of  the  Atmofphere.  Confequently,  the 
Angle  being  given  by  obfervation,  by  which  a 
Star  in  a  given  Altitude  is  elevated  more  than 
jt  fhould  be  on  the  account  of  the  Refradion, 
the  Angle  may  be  defined,  by  which  it  is  ele- 
vated in  any  other  Altitude  propofed  more 
than  if  fhould  be,  the  Atmofphere  continuing 
the  fame ;  that  is,  a  Table  of  Refradion  may 
be  made  for  every  degree  of  a  Starts  Elevation. 
But  becaufe  our  ignorance  of  the  Law  of  Re- 
fraction obf^irvcd  in  the  Atmofphere  hinder*  aU 
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'tis  better  to  mnke  the  Table  by  Obferva- 
n,  as  In  the  preceding.     But  befidcs,  the  di- 
fity  of  the  Atmofphere  in  different  places, 
1  the  change  of  ic  in  the  fame  place,  on  the 
knt  of  which  ic  happens  that  the  fame  Ta* 
m  not  fitted  for  all  places,  is  an  impediment 
Both  methods  of  making  a  Table  of  Refra- 
30*    For  in  places  near  either  Poles  the  Re- 
ftion  is  greater  in  the  fame  diftance  from  the 
>rizon,  (as  is  well  known  from  the  obferva- 
n  of  fome  Dnrch  Men  who  Wintered  in  Nova. 
mhla-y)   and  in  the  fame  place  at  different 
les  of  the  Year,  'tis  certain,  not  only  from 
Kobfervacion  of  tht  Dutchy  but  of  other  con- 
mble  Obfervers,  who  make  the  Winter  Re- 
ftion  greater  than  the  /EquinodHal,  and  that 
lin  greater  than  the  Summer  one,  and  form 
ire  Tables  of    Rcfraftion  built  upon  this 
inge.      But  the  hourly    change  of  the  Re- 
gion is  demonftratcd  by  the  Tops  of  Moun- 
ts being  fomecimes  vifible  at  a  given  place, 
d  fometimes  invifible,  tho'  there  be  no  dark- 
fi  or  mift  between  :  To  this  purpofe  alfo  do 
1  Experiments  mention'd   by  Hngevs,   in  his 
fciyi  of  Ligbt^  tend  and  ferve  ;  namely  thac 
olower  part  of  a  Tower  or  any  other  thing 
at  is  immorable  is  feen  in  the  Morning  and 
fehing,  but  the  upper  at  Noon  thro'  a  Tele- 
^e  continuing  fix'd  all  the  while  j  and  that* 
^ihe  fame  place,  Ibmetimes  the  top  of  a  more 
pote  Tower  has  been  vifible,  rifing  above  the 
p  of  one  nearer,  and  fometimes  it  is  invifible. 
ow  all  chefe  things,  beiidcs  the  hourly  change' 
^  the  Refraction  of  the  Rays  in  the  Atmo-. 
ihere,  dcmonftrate  the  Curvity  of  them,(fronx 
ieir  nature,  as  was  fiiewn  above,)  fince  they  are 
rcpagaced  obliquely  from  an  higher  to  a  lower 

t,  and  'v/V*  vcrfa* 
: 
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It  muft  be  confclTed  that  all  chu  change  df 
the  Rcfrati^ion  is  made  wicbi-  --^^^y  narrow 
limits :  For  the  bcfortfiiid  ol  ,  as  of  the 

change  of  the  apparent  Altitude  of  the  Sun, 
iMountains  and  Towers  are  made  only  in  a  fnwil 
Elev;ition  above  the  Horizon,  nor  do  they  rCacH 
much  beyond  three  degrees  above  it.  Tht 
vici/Ittudc  and  changeableoefs  near  the  Earthy 
of  Vapours  arifing  from  it,  as  alfo  of  Heat  ard 
Cold,  by  which  they  are  rarified  And  co^dcnfed, 
is  fo  great,  that  nothing  cenain  can  be  laid 
down  about  the  denfity  of  the  Medium.  Be- 
Cdcs,  the  inclination  of  the  Rays  of  Light  is 
fo  very  oblique  at  their  incidence  on  the  Ac- 
mofphere,  when  the  Pharnomenon  i$  not  efe- 
vated  above  three  or  four  degrees,  that  Its 
place  is  changed  very  much  by  the  Refraction  i 
Nay,  fo  denfe  yet  pellucid  a  Cloud  as  it  were; 
of  Vapours  lies  fometimes.  upon  the  Surface 
of  the  Earth,  th^c  to  an  Eye  placed  aboro 
without  it,  the-  vUible  Objedils  below  it,  name*- 
ly  the  very  low  ones,  continue  unleen  '  -fa 
the  Rays  do  not  penetrate  the  Surfac.  _.  uic 
upper  and  rarer  Medium,!  but  skre  reflcded  by 
it  downwards  i  as  it  is  evident  from  Dhptrici^ 
that  it  ought  to  be ;  But  fuch  things  as  are  im- 
naediatcly  above  and  without  it,  namely  fucft^ 
as  are  a  little.higher,  befidcs  that  they  are  fecit 
by  the  dircti;  Ray,  appear  alfo  inverted  by  at 
reflexion  made  ^t  the  Surface  of  the  abovoi^ 
mentioned  .Cloud,  juft  as  if  it  were  an  Hori-r 
zontal  Speculum,  But  thefe  things  neither  be* 
long  to  this  place,  nor  diredly  to  Aftronomy. 


They  (how  in  the  mean  while,  that  r 
is  to  be  given  to  any  Table  of  Refi 
the  Stars  below  the  third  degree  of  / 
nor  confequenrly  to  Obfervations  maU 
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Iticude  for  determining  the  place  of  the  Pha^ 
lenon. 

a  Perfon  has  a  mind  to  make  a  Table  of 
Refradion  of  the  Fix^d  Scars,  not  from  Ol> 
nation,  but  upon  the  Principles  of  Diottrt^^, 
may  proceed  th^  following  way  very  lafely, 
;c  the  Atmofpherc,  which  is  extended  40  or 
Miles  high,  be  Gippofed  to  be  divided  by  8 
10  parallel  Superficies,  into  as  many  Medi- 
is  or  different  denfities;  fo  as  that  rhe  Me^-> 
,  which  lies  between  the  two  next  Superficies, 
Bay  be  of  the  fame  denfuy,  that  at  the  faid  Sti- 
iprficies  may  be  changed  infiamly  into  a  rarei; 
roove,  and  a  denfer  below:  Not  that  it  is  really 
thus  in  nature  j  for  no  doubt  the  denficy  of  the 
Ikmofphere  in  its  defcent,  is  increafcd  by  the 
Kalleft  degrees.  Let  thele  8  or  10  Mediums 
be  fo  tempered  in  regard  of  one  another  by 
bals,  that  in  one,  two  or  more  Altitudes  (for 
rfe  more  they  are,  the  more  accurate  will  the 
Table  ht.)  the  total  Rcfradions  made  at  all  thefe 
Mediums,  may  be  the  fame  with  the  Rctra<fti*i 
ons  that  are  found  by  the  accuratcft  Obferva-; 
cions,  CO  agree  to  thofe  refpetiiivc  Alcitudes.  In 
ll^ich  cafe  the  Refradion  made  in  any  alfumed 
Altitude  at  the  (aid  Mediums,  and  known  by 
Calculation,  according  to  the  Laws  oi  Dioptric Sy 
h  very  nearly  equal  to  the  RcfraAion  in  the 
Heavens,  agreeing  co  the  fame  Altitude,  After 
this  manner  alfo  will  the  Line  be  determined 
sry  nearly,  into  which  the  Ray  is  bene  in  its 
iffage  thro'  the  Acmofphere.  But  in  finding, 
this  method,'  the  Refradion  correfponding 
an  Elevation  three  or  four  degrees  lefs,  the 
'cr,  or  two  or  three  lower,  ought  to  be  fiip- 
a  tittle  rarer;  for  they,  really  are  fuch^  in 
vicinity  of  the  Earth,  which  is  heated. 


Sec- 
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Section   IX. 

Of  the  Tables  of  the  Firjl  Motion^  and 
the  Ftxd  Stars ^  depending  upon  the  Se- 
cond  Book. 


THO'  all  the  Particulars  that  belong  to  t 
Firft  Motion  may  be  found,  by  the  Me- 
thods demonllrated  in  this  Book,  as  occaHon  re- 
quires ;  yet  becaufe  there  are  fomc  things  of 
more  frequent  ufc.  Tables  arc  made  for  them, 
ihat  they  might  be  more  expeditiouQy  taken  oot 
of  them,  which  would  otherwife  require  a  new 
Calculacion  every  time  they  are  wanted.  And 
beiides  Tables  taken  from  other  difcipltnes,  as 
of  Right  lines  infcribed  and  circumfcribed  in  a 
Circle,  of  Logarithms,  &c,  Aftronomical  ones 
are  alio  made  ^  and  fuch  of  them  as  depend 
upon  this  Book  arc  of  two  forts ;  namely  ftch 
as  are  the  fame  to  the  Inhabitants  of  the 
whole  Earth ;  which  regard  either  the  Firft 
Motion,  or  the  Fix  d  Stars ;  or  fuch  as  only 
hold  in  fome  certain  place  of  the  Enxth. 

Proposition  LXVIL 

TO  dtfcrlbe  TMcs common  to  all  tbi Inhabitant t 
of  the  Earthy  relating  to  the  Firjl  Mmon. 
The  Equator  and  Ecliptic  are  the  fame  to  all 
the  Inhabitants  of  the  Earth>  and  they  arc  of 
conftderable  and  frequent  ufe  in  Ailronomy  J 
The  former,  becaufe  it  is  the  mean,  and  as  ir 
were  the  Standard  of  the  Firft  or  apparent  Di- 
urnal Motion  of  the  Heavens  ;  the  latter,  be- 
caufe it  is  the  Way  and  Path  of  the  Sun,  ( who 
is  the  governor  of  the  Days  and  Scafons.)    The 

mutual 


of  Astronomy.  36; 


mutual  habiciide  and  refpeA  of  thefe  Circles  to 
one  anocher  in  all  their  points  is  difpofed  intq 
Tables:  That  is,  to  every  degree  of  the  Ecliptic, 
marked  wich  its  proper  name,  (that  is,  the  num- 
ber it  bears  in  ihe  Sign.)  are  annexed  to  the  cor- 
refponding  Declination  from  the  Equator,  Right 
flfcenfion,  and  Angle  chat  the  Ecliptic  compre* 
lends  with  the  Meridian;  as  is  flicwn  in  Trap,  20. 
\nd  therefore  thefe  three  Tables  are  put  together 
n  one  very  commodiouUy,  under  the  univerfal 
Title  of  The  Dtclinatiofiy  and  Right  Afctnfion  of  eve* 
f  dfgru  of  the  Ecliptic,  and  of  the  Angles  of  the  £- 
^'iftic  with  'the  Meridian.     And   becaufc   in  fuch 
'ables,  either  the  fame  number   recur,  or  the 
ime  incrcafcd  by  a  Quadrant,  a  ScmLcircle  or 
iree  Quadrants  of  a  Circle ;  in  the  making  of 
icm  there  will  be  no  need  of  carrying  the  Cal- 
ilation  beyond   one  Quadrant,    fince   the  re- 
aining  part  of  the  Table  flows  naturally  from 
e  former,  either  by  the  change  of  the  firft  Co- 
|BQ  or  by  Addition  only. 
Befides,  fince,  the  intire  apparent  revolution 
pthe  Celeftial  Equator  makes  a  natural  Day, 
d  proportionally  in  the  parts  of  this  revolu- 
►p,  by  reafon  of  the  equabihty  of  the  diurnal 
btion  of  the  Earth  ;  they  make  a  Table,  out 
.which  the  time  correfponding  to  each  part  of 
\  revolution  of  the  Equator,  and  on  the  con- 
ry,  the  part  of  the   revolution  correfponding 
any  time,  may  be  taken.     And  becaufe  among 
titer  Nations,  where  Aftronomy  is  cultivated, 
[natural  Day  is  divided  into  24  Hours,  and  the 
Sir  in  60  Minutes,  every  one  of  which  again 
fevided  into  60  Seconds,  andfo  on  ;  the  afore- 
1  Tables  are  accomodated  to  this  divifion  of 
Time. 
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,    ..  Proposition  LXVIII. 

TO  Jtfcribe  the  Tahht  "ivhich  relate  to  the 
Str.n,  that  are  common  So  all  the  Inhabitants  cj 
thu  E^rtb. 

The  Places  of  the  Fix'd  Scars,  in  regard  of 
Longinide  and  Liittnide,  are  dilpofcd  of  by  the 
mcrhods  explained  in  Frop.  a9.  Such  a  Table  (or 
Catalogue)  as  this,  is  the  toundation  of  the  whote 
Science  of  the  Stars :  And  becaufc  the  places  of 
the  Planets  are  found,  by  knowing  the  places  of 
the  Fix'd  Stars,  Aftrouomcrs  are  very  careful  in 
noting  che  places  of  the  Fix'd  Stars,  as  are  m  the 
Zodiac  ;  not  only  thotc  as  are  only  ftea  by  the 
naked  Eye,  but  luch  alfo  as  arc  (een  by  a  finall 
Tclefcope. 

Becaufe  the  Longitude  of  the  Fiv'd  Stars  con- 
tinually increafes,    by  reafon  of  the  regrdsof 
che  Equinodial  Points,  the  Table  of  tbh  Rtgrefs  ii 
annexed  to  the  Catalogue  of  the  Fix'd  Stars,-  that 
is,  'tis  fhcwn  how  much  it  is  in  a  Year,  any  parti 
of  a  Year>  or  colle<5Kon  of  Years,  fo  that  the 
Tabular  Lcngkude  of  a  Fix'd  Star  may  be  very 
eallly  coircfted  by  this  means,    Copernicus  and  ^ 
thers  following  him,  reckon  the  diftance  of  tWf 
I'is'd  Stars  in  the  Ecliptic  towai-d  the  Haft,  frotii 
the  preceding  of  the  two  in  the  Horn  of  ArieJ, 
ars  was  faid  before :  By  adding  to  this  Arc  (in  ^ 
conllanc  Fix'd  Star)  the  di(Fai\ce  of  the  V 
Etjuinodlial  point,  perpetually  augmented  fi 
the  faid  firft  Star  of  Aries,  to  be  taken  out 
thar  other  Table,  you  m^kc  the  Longitude 
che  Fix'd  Star  from  the  Vernal  Equino*!?. 
;  Becauffc  the  Ri^hc  Afocnfion  a; 
tif  fomeof  the  nior^coniiderable  \\\ 
of  more  frequent  ufe  ;  and  tofindtlK., 
the  Longitude  and  Latitude  given  (  by  ConverT 
P^iJf.  27-;  as  often  aich^c^  is  occafion  of  chcm* 

would 
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buFd  }>c  Very  tedious ;  fuch  zb  have  a  tnind  to 

are  others  fo  much  trouble,  form  co  a  given 

ne,  a  TMc  of  the  Right  Jfeeitjkn  and  Dulinatim 

the  more  conjidi-roble  Fixd  Si/trs,  adding  the  dif- 

rence  of  each  for  a  certain  nuitiber  of  Years, 

which  they  fuppofe  their  change,  as  to  fenfc^ 

be  equable. 

To  the  abovementioned  Tables  of  the  Motioti 
the  Fix'd  Stars  is  aifo  added  **  Table  of  the  Re- 
gion of  the  Sf.^r/,   made  for  the  different  Aiti- 
ie  of  them  above  the  Hori^on  (by  Pr^p.  66.) 
le  Altitude  of  any  Star  obfervcd  is  to  be  lef- 
led   by  the  correfponding  Refradion,  that  it 
y  become  true  j  or  the  cnie  Ahitude  (  found 
m  the  true  place,  at  a  given  time,  by  Calcu* 
ion)  is  to  be  increafed  by  rhe  faid  Refrai^ion, 
t  it  may  become  the  apparent  Altitude.   Thii 
ferent  Altitude  of  the  Scar  from  RefraAlon  in* 
;es  a  diverfiry  of  iis  Place  in  regard  of  Longi- 
c  or  Latitude,  or  in  any  other  Circle,  after 
l^me  manner  with  that  fliewn  before  in  the 
ihax.    We  have  reckoned  this  Table  of  Re- 
lion  here  among  the  Tables  of  the  Fix'd  Stars, 
*  it  might  more  properly  be  rcfer'd  to  the  pre- 
ing,  as  what  is  common  to  every  Celeftial 
cnomenon  :    Others  in  the  mean  while  will 
ik  it  ought  to  be  reckoned  among  the  Tables 
:  are  to  be  defcrib^d  in  the  following  Propofi- 
fince  different  Tables  of  Refradion  are  re- 
te  for  the  different  denfity  of  (heAcmofphero 
Terent  places. 

Proposition  LXIX. 

lO  enumerate  the  mme  common  TMes^  "ii^hefiiti 

the  fit  nation  of  the  more  confidtrable  T  laces  upon 

marthj  in  regard  tf  one  another^   and  in  ftffetl  of 

B^HHtor^  is  aefcribedy  and  tbofe  wherein  the  Time 

'  ted  in  any  of  them  is  reduced  to  thi  Timt  reckoned 

Itlg^ta  the  cufiom  of  any  other, 
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In  the  Catalogue  of  rhe  moft  confidetable  V 
CCS,  you  have  the  Elevation  of  the  Pole  in  th 
place  fet  down  by  it,  (determined  by  Prop.  17; 
CO  which  rhe  Latitude  of    che  Place  is  egi 
There  is  alfo  fet  down  the  difference  (found  h\ 
Prop.  ;z.J  of  cheFlrft  Meridian  (whether  it  be  fu| 
poled  to  pafs  thro*  the  place  where  the  Aflrom 
mcr  lives,   or  through  the  Azcres  or   Fonunati 
JJi^nJs)  and  of  the  Meridian  of  that  place,  uni 
it  is  cxpreffcd  in  parts  of  the  Equator,    or  ii 
Hours  and  parts  of  an  Hour.    Thus  we  have  thi 
fituacion  of  chefe  places  to  one  another,  and  k 
the  Equator  fettled,  and  may  make  ufe  of  it 
occailoxi   requires  in  Geography  or   Hydrogra^ 
phy.     The  Hour  reckoned  in  one  of  the  J'iac^j, 
Mfith  the  difference  of  the  Meridians,  cxprcffe< 
in  Hours  and  parts  of  an  Hour,   added  ro  ii 
gives  the  Hour  reckoned  in  the  morcEafteri 
place  j  but  fubtradcd  from  ir,  Aiews  the  Hoi 
reckoned  in  a  more  Weftern  place,  provided  boti 
places  make  ufe  of  the  fame  fort  of  Hours ;  bD( 
if  they  ufe  a  different  fort,  rhey  are  to  be  rcduceij 
,CO  the  fame  by  a  proper  redudion. 

You  have  alfo  Tables  for  the  more  e\pediti< 
reduction  of  any  Time  in  one  of  the  places  «• 
prclled  by  any  Calendar,  and  reckoned  fr^  -  -" 
known  Epocha,  into  Time  of  any  given 
the  orhcr  place.  For  fince  (byPrrf»,  1 1.  and  la,); 
both  the  Epochas.may  be  compared  togerh  -.  --"^ 
•the  vai'ious  forms  of,  the  Years  among  v 
Nations,  the  grounds  and  method  of  coi 
ding  thefe  Tables  (which  axe  as  neceffary 
Men  of  Buftnefs  and  Iliftoi  ians,  as  Aftronomcri 
a$  evident. 

Befidcs,  the  Circles  dift3nguiihingthcClimatti| 

and  Parallels  arc  reduced  into  Tables  by   forae. 

For  if  you  begin  at  the  Equator,  tlie  quantity  oli 

tfcc  longed  Day  is  had,  at  the  end  of  each  Cli- 
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and  ParaHel,  or  the  beginning  of  the  next/ 
IS,  the  continuance  otthe  Solfticia!  Point 
Is  the  vifible  Pole  above  the  Horizon.  There 
given  the  Declination  of  the  Solftidal 
)?nt  (namely  the  Obliquity  of  the  Ecliptic)  and 
e  Right  Alcenfion:  The  Elevation  of  the  Pole- 
chat  place  therefore  is  alfo  given  ;  that  is,  the 
iance  of  the  Circle  bounding  the  Climate  or 
rallel  propofed  from  the  Equator. 

POP&SITION  LXX. 

rO  defcrthc  the  more  common  Tables^  by  n^hich  th^ 
Trobiems  of  tJbe  Firfi  Motion^  in  different  place^ 
the  Earthy  ^re  more  readily  fol'veJ. 
Por  the  finding  out  the  places  and  times  of  the 
^mg  and  Setting  of  the  Fix'd  Stars  and  other 
l^ftial  Bodies^  whofe  Places  are  known,  and 
wng  other  Problems  about  them.  Calculation 
;ommonly  ufcd,  as  occafion  requires.  But  be-^ 
ife  the  ulc  of  the  Sun's  Motion  is  more  confi- 
:able  and  frequent,  and  the  Sun  itfelf  in  its 
kial  courfe,  is  in  different  degrees  of  the  E- 
wic  i  Tables  are  made  for  all  Latitudes,  to 
w  the  refpe<fl  of  thefe  points  to  the  Horizon : 
t  is,  for  every  degree  of  Latitude  from  the  E- 
ifor,  the  Difference  between  the  right  and  ob- 
le  Afcenfion  of  every  degree  of  the  Ecliptic 
und  by  Prop.  ;;J  is  added  to  that  degree  of  the 
iptic  expreffed  by  its  name,  out  of  all  which 
able  is  made,  or  rather  a  heap  of  Tables  ^  for 
d  every  degree  of  Latitude  fliould  have  a 
,  extending  to  the  feveral  degrees  of  the 
tic.  Thefe  fort  of  Tables  are  called  Tuhhs 
Afcenjional  Difftvences^ 

e  Afcenfional  differences  being  thus  reduced 

Tables,  the  oblique  Afcenfions  and  diurnal 

of  every  one  of  the  degrees  of  the  Ecliptic 

like  manner  eafily  reduced  into  Tables  by 
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bare  Addition  and  Subftraftion;  and  from  theno 
the  Hours  of  the  Rifing  and  Setting  of  the  Sun 
when  In  thofe  points,  but  thefc  Operations  ar 
fo  eafy,  as  thac  they  are  ufua'ily  left  to  the  pain 
of  every  one  that  makes  tlie  Calculation  j  ex 
cepting,  that  generally  an  A.ftrononier,  chat  i 
pretty  much  taken  up  in  fupputations,  has  then 
already  calculated  for  the  place  of  his  own  Habi 
tacion.  And  fomctimesallo  he  has  by  him  Tabic 
(made  by  Trof  ^;.)  of  the  Orwe  AmfUiudcs  of  rh 
degrees  of  the  Ecliptic,  either  foi;  feveral  Lati 
tudes,  or  at  leaft  for  his  own.       • 

There  is  another  fort  of  table  Tto  be  made  by 
Pr^;).  ;y.)  of  the  Angle  of  the  Ea^^  rumely  tha 
which  the  Ecliptic  makes  with  the  Horizon^  fo 
the  different  points  of  the  Ecliptic  rifing  ia  ; 
given  latitude,  or  (which  comes  to  the  iamc)  c 
the  Altitude  above  the  Horizon  of  the  Nonagefin 
Degree  from  the  Eaflern  point.  And  becaufe 
Calculating  Eclipfes  of  the  Sun  aod  other  thing?^ 
there  is  very  great  ufe  of  this  Angle^  TabJes  of 
are  made  for  every  degree  of  Latitude  from  th 
Equator  to  the  Pole. 

And  fometimes  Tables  of  the  Beginning  an 
Ending  of  the  Morning  and  Evening  Twiligh 
arc  made  (by  Prof.  59,)" for  the  d^^r&c  of  the  E 
cUptic  that  the  Sun  is  in,  and  fot  different  Lati 
tudes,  or  at  leaft  for  the  Latitude  of  their  owi 
Habitation. 

In  making  all  thefe  forts  of  Tables,  there  ar 
feveral  compcndiums  of  the  calculation  and  pain 
rhac  occur,  fuch  as  are  (hewn  in  Prop.  67  i  and. 
fhorter  and  more  elegant  way  of  ordering  thcl 
Tables  may  be  had  from  thence. 
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Phyfical  and  Geometrical. 

r       The  Third  Book. 


Of  the  Theory  of  the  Primary 
Flatlets, 


IN  the  Firft  Book,  we  have  Ihewn  what  Laws 
a  Planet  muft  mave  by,  to  defcribe  an  El- 
lipfe  about  the  Sun  placed  in  one  of  its  Foci, 
vhich  Figure  only  the  Pharnomena  will  admit  of, 
IS  Kepler  hzi  fhewn  at  large,  m  hh  ComtJuntarie^ 
f  she  MQtions  of  Marsy  and  all  Aftronomers  now 
illow  of.  The  ancient  Ailronomers  thcmlelfes, 
ogether  with  Ptolemy^  (who  were  for  admitting 
loching  but  perfeifl  Circles  in  the  Heavens, 
uch  (cem'd  the  nioit  proper  for  Bodies  ch^c  were 
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noc  fubjed  to  generation  or  corruption^  fach  2$ 
they  took  the  Heavenly  Bodies  to  be  J  atmofl  come 
into  ibis  opiaion,  being  compell'd  by  the  I'bx- 
nomcna  themfelves^  fincc  they  have  imagined  a 
mocton  really  unequal  in  the  Exccntric,  but  e- 

;[ual  in  the  Equan:  Circle,  whofc  Center  was  as 
ar  beyond  the  Center  of  the  Exccntric,  as  the 
Center  of  the  true  Morion  was  on  this  iide  of 
itj  that  is,  f(o:e  they  bift'e<^ed  the  Excencri- 
city,  and  dcfcribcd  the  Orbit  of  the  Planet, 
from  the  point  of  biffedion  as  a  Center.  For 
fuch  an  Excentric  circubr  Orbit  of  a  Planet 
does  not  differ  from  an  Elliptic  Orbir,  whole 
Foci  arc  the  faid  Centers,  excepting  that  the 
former  is  fomeching  thicker  about  the  middJe, 
but  the  latter  fomething  fmaller ;  which  diffe- 
rence of  the  thicknefs  of  the  Orbit  is  almoft  in^ 
fenfihle  in  moft  of  the  Planets,  by  reafon  of  the 
fmnllnefs  of  the  Excentricity,  and  noc  diftin- 
guiOiable  by  the  obfervations  of  the  Ancients, 
Tho'  KcpUfy  in  Chap,  44.  of  the  faid  Comment^iritSy 
has  made  it  out  very  clearly  and  unqueflionably, 
from  the  obfervations  of  Tycbo.  'Tis  true  Pro/f- 
my  ufes  an  Excentric  in  the  fimplc  Theory  of  the 
Sun,  and  docs  not  think  that  the  Excenrricity  of 
the  Orbit  is  to  be  bifeded  ;  but  in  everj'  one  of 
the  other  Planets,  befides  the  Epicycle  (by  which 
he  explains  the  Phxnomena  really  arifing  from  the 
motion  of  the  Earth,  which  he  did  not  acknow- 
ledge) he  ufcs  (Ci.  f.  S.9O  an  Excencric  defcribed 
upon  the  Cenrer  bife<3ring  the  Excentricity.  Nay, 
Cnptrnkus  himfelf  took  the  perfedrion  of  the  moti- 
on and  way  of  the  Planets  to  be  fo  firm,  chacupon 
this  account  he  thinks  C^  2.5. y.)  the  bi'  '  of 
the  Excenc.icity  ought  to  bo  rejected,  I  .  n  is 
abfurd  co  grant  tlj.n  j»  tfjiuility  of  eWcular  motkn  cw> 
he  w7.?//<f  itpjrj  A  fir  ftgc  Cmter  and  not  itpon  its  oun^ 
(which  that  it  is  was  once  PtoUm/%o^\xi\ony  iscvi- 

dcnc 
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:otn  Cbaf.  ^.Book  ^.  where  he  fays  tifnp  all 
ts  of  the  Stars  are  t^ual  and  clrcuUr  by  na~ 
that  is,  (as  he  himfelf  explains  ic)  that  ail 
is,  which  are  undtrjhod  to  carry  about  the  Stars 
eir  Circles  in  all  Jim  fly  e^nal  Timet y  intercept  e^ual 
(es  at  the  Centers  of  each  Circtdationy  tho'  he  af- 
'ards  changed,  \n.B,^.  already  quoted,)  and 
?.  4.  of  the  fame  Book,  he  would  rather  have 
Epicycle  and  a  fimple  Exec ncric  introduced, 
orming  the  fame  as  an  Excentrlc  and  Equant 
even  a  Concentric  with  two  Epicycles. 
:hofe  exacft  and  repeated  obfervations  of 
ihad  not  then  been  made,  that  Kefhr  wholly 
ids  upon  when  he  demonftrates  that  the  Or- 
if  the  Planets  are  Elliptic;  t\io  RicmlusmH" 
::es  by  the  by,  that  Kefkr  beg;^ii  to  fufpedi  that 
Way  of  a  Planet  chro'  the  j^cher  was  Ovi- 
n  ;  his  natural  fagacity  taking  the  firft  hint 
it  from  feeing  the  Oval  Figure  that  Reinboldus 
ed  in  the  end  of  Vurbachiuss  Theories  belong- 
to  the  Moon.  Therefore  in  fuch  a  true  El- 
ic Orbit  of  a  Planet  ^LP,  where  5  [F7^?.i.] 
Focus  is  the  place  of  the  Sun,  AS?  the  line 
the  Apfides,  A  the  Aphelion,  P  the  Periheli- 
b,  the  Place  of  a  Planet  taken  at  plcafure, 
wixtTiALS  contained  under  the  Right  lines 
\.SLy  and  the  Elliptic  Curve  y^L  (computed 
m  SA  in  conje^hentfj)  is  called  the  Mean  Anoma" 

rat  is,  Equable  •  for  this  Area  increafcs  equa- 
namely  in  the  fame  ratio  with  the  time : 
d  the  Angle  ASL^  contain  d  by  the  line  of  the 
iides  SAy  and  Radius  SL  that  carries  the  Pla- 
%  is  called  the  Coc^uate  or  True  Anomaly.  For  ic 
)roper  that  the  Cultivators  of  a  Phyfical  Aftro- 
my,  fliould  recede  as  little  as  may  be  from  the 
^ent  Terms  of  Art;  beingnot  only  eftablilhed 
feie,  but  really  the  fitted  for  that  purpofc. 


Seot 


Section  !• 

Some  General  Things  belonging  to  the  The- 
ory of  all  the  Planets. 

Proposition  I.     Lemma. 

IF  ufcn  the  greater  axe  PA,  of  the  Elliffe  PBA 
[Fig.  i.]  whoft  Center  is  C,  as  a  Diameter ^  jw 
dtfcribe  the  Circle  PDA,  and  from  a  point  G  takoi 
ot  flet^fute  in  the  Circumference  of  the  Circle^  a  Ftr- 
fendieulur  GE  he  let  fall  on  PA,  int^rftBing  tie  El- 
lifft  at  hi  and  from  fome  faint  in  the  Axe  A?  (fir  #** 
Jtance  from  one  of  the  Foci  as  S)  to  G  aad  L,  the  Rlti>t 
lines  S  G,  S  L  iff  Jraufn  j  the  trilinear  Figun  AGS 
contained  under  the  Right  lines  S  A,  S  G,  and  the  Cir* 
culir  Curve  AG,  'wiH  he  to  the  whole  Chrclt^  at  tba 
trilinear  ALS  contained  under  the  Right  lines  S  A,  SL 
/md  the  Elliptic  Curve  A  L  is  to  the  whoU  Ellipfe. 

Draw  eg  parallel  to  £G,  meeting  the  Diameter 
in  f,  the  Ellipfe  in  /,  and  the  Circle  iag.  Then 
(by  Prop.  21.  Book  I.  of  the  Conies  of  ApoUonius)  el 
will  be  tQ  CB  in  the  fubduplicace  ratio  of  the 
redangle  under  P?,  eA^  to  the  Redangle  under 
PC,  CJy  or  CD4:  And  eg  to  CD  is  alfo  in  the 
fubdnplicate  ratio  of  Pe  x  eA  to  CDH  ;  therefore 
fby  II  Elem,  y.)  el  is  to  CB,  QS  eg  to  CD;  and 
therefore  elieg  :tCB:CD  ;  that  is,  m  a  given 
ratio.  And  fmce  this  is  always  done,  all  the  tl 
infifiing  upon  E-.-/,  will  be  to  as  many  eg;  that 
is,  the  Lllipcic  Semi-legment  A  LE  to  the  Circu- 
lar Semi-fegment  AG  £,  in  the  fame  given  rado 
of  C  5  to  CD.  Again,  (by  Prop.  i.  Elem.  6.)  the 
Triangle  LSE,  is  to  the  Triangle  GSE  as  LE  to 
GE;  that  is,  (as  has  been  already  fhewn)  as  CB  ro 
CD  ;  from  whence  (by  Prop,  12,  Elem.  j.)  ALE 
and  LS  E  together^  i.  e*  ALS  n  to  AGE  and 
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GSE  rogechsi;,  or  AGS,    in  the  ratio  oS  CB 

to  C Di  And  after  the  like  mHcncr,  in  that 
fame  vaiio  of  c  B  to  CD  arc  all  the  e  I  infilling 
upon  cIk  whole  P  A  to  ms  many  t  g  i  that  is,  the 
Semi-ellipfe  P  BA  to  che  Semicircle  ?  DA.  And 
therefore  yi  Z.S  is  to  AG  Sy  ^  the  Semi  ellipfe 
TEA  to  die  Semicircle  ? D  A3  or  as  the  Eilipfe 
to  che  Circle.  And  on  the  contrary  the  trilinear 
A  LS  is  to  the  whole  Ellipfe,  as  the  trilinear  ^  G  S 
to  the  whole  Circle.  £K  £.  D* 

Confequently,  if  the  Semi-ellipfe  FBA  were 
propofcd  to  be  divided  into  two  Segments  having 
a  given   ratio,  by  a  right  line  S  L  proceeding 
From  a  given  point  S  in  the  Axe,  it  is  fufficienc 
to  divide  the  Semicircle  F  D^  (  in  fonie  refpeA 
more  known  than  an  EUipfe)  by  a  riglu  line  SG 
in  the  faid  ratio,  and  to  let  fall  a  perpendicular 
S  E  from  the  point  G,   on  the  Axis  PA  meet- 
ing the  EUipfe  in  L  :    For  the  right  line  S  L  di- 
ndes  theSemi-cllipfe  PB//in  the  fame  ratio  as  the 
Semicircle  PDA  is  divided  by   the  right  line  SG  : 
Dr  ii  A  BP  be  an  Elliptic  Orbit  of  a  Planet,  in 
?nc  of  whofe  Focus  5,  the  Sun  is ;   as  the  Mean 
\nomaJy  of  che  Planet  in  L  is  reprefented  by  the 
:rilinear  figure  A  LS,  fo  it  may  alfo  be  reprefen- 
§d  by  the  trilinear  figure  AGS. 

r  PROPOSITION    II. 

3"^  H  E  Orbit  of  a  Planet  being  given ^  to  determine 
by   calculation^   ^s  many  Mean  Anomalies  and 
vffonJing  Trut  cnti,  ^s  you  fleafe. 
Let  the  Elliptic    Orbit    given    be    ALRP^ 
'^'ig.  ;.]  in  one  of   whofe   Foci  S  the  Sun  is 
iced.    Let  A  be  the  Aphelion,  P  the  Perihe- 
m^  C  the  Center,  C  ^  or  CP  the  Mean  diftance 
the  Planet  from  the  Sun,  C  BD  perpendicu- 
to  ^  P,     In  the  Circle  A  D  ?,  dcfcribed  about 
greater  axe  as  diameter,   take  at   pleafure 
m  A9  che  arq  AC,  or  angle  ACG^  txprefled 

by 


i 


by  the  number  of  Degrees  and  Minutes  (ss  is  o 
fual.)  Andbecaufe  (by  2;  Ehm.  6.)  the  arc  ^C 
is  to  the  whole  circumference,  as  a  fedor  AGC  ta 
the  whole  circle,  if  the  Circle  as  well  as  the  Cir- 
cumference be  fuppofed  co  be  divided  into  ^60 
equal  parts,  or  circular  fedors  correfponding  to 
the  degrees  of  the  circumfererxe  ;  the  fame  num- 
ber that  cxprcffes  the  arc  AGj  expreflcs  alfo  the 
circular  Tedor  v4GC;  the  latter  in  fmall  fe<aors, 
the  former  in  fmall  arcs,  either  of  tliefc  Kfpht 
calls    the   Anomaly   of  the   Excentric.     But   frotq 
the  dimenfionsof  a  Circle,  (accurate  enough  for 
Calculation,)  the  ratio  of  the  fquare  of  the  Semi- 
diameter  to  the  whole  Circle  is  given  ;  nnd  from 
the  fpecics  of  the  Orbit  given,  the  ratio  of  the 
mean  diftance  BS  or  C  A,  and  alfo  of  the  leflfer 
Semi-axe  BC  to  the  Excencricity  SC  i>  given ; 
and  from  thence  the  ratio  of  the  Triangle  BCS 
to  rhe  fquare  of  the  Radius ;  and  frotn  the  ratio 
of  the  arc  aflumed  are^^'G  to  the  quarter  of  the 
Circumference^/),  is  given  the  ratio  of  the  Sines 
of  them,  'vlz.  GE  to  DC,  and  confequenrly  of 
B  C  to  G  E,  that  is,  (by  j.  El.  6.)  the  ratio  of  the 
Triangle  BCS  to  GCS.  In  the  pans chercfore,of 
which  the  Circle  contains  ;6o,therc  are  given  the 
fedor  ^GC  and  the  Triangle  GW,  (  whofe  ana- 
logous one  Z,C5  is  caird  the  Phjfia^l  fart  of  the  £^im- 
tion^  as  rhe  ^n^\t  SLC  the  Opt  1^:1  fan  ; )  and  there- 
fore the  trilincar  aggregate  of  them  AGS,  which 
in  the  preceding  ?rop,  is  fhcwn  to  be  proportio- 
nal to  the  trilinear  ylLS,  and  confequently  may 
juftly  reprefenr  the  Mean   Anomaly.     For  if  the 
whole  area  y^BPof  the  Elliptic  Orbit  be  imagi- 
ned to  be  divided  into  ^60  equal  pans,  rhe  part 
of  it  ALSy  namely  the  Mean  Anomaly  cf  the 
Planer  in  L,  will  contain  as  many  parts  of  it,  as 
AGS  contains  fimilar  parts  of  the  circular  Area 
^  D  P  j  and  fo  will  be  exprwffcd  by  the  fame  num- 
ber. 
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ber.  Again,  in  the  triangle  GC  S^  the  ratio  of 
the  Sides  GCy  CS  being  given,(che  Mean  diftancc 
of  fhe  Planec  from  the  Sun  to  the  Excsntricity) 
and  the  contained  Angle  GCS,  (the  complement 
to  two  Right  of  the  Angle  ACG  aflumed,)  the 
Angle  GSC  (by  41  of  the  Data)  will  be  given  ; 
and  therefore  alfo  ^SL  the  Coequatc  Anomaly, 
namely  the  Angle  whofe  Tangent  EL  is  to  EG  the 
Tangent  of  the  Angle  ASG^  found  before,  in  the 
ratio  of  the  lefTer  femi-axe  C5  of  the  given  Orbit, 
to  the  greater  femi-axe  CD.  And  fince  the  mean 
and  true  Anomaly,  found  by  calculation,  agree 
to  the  fame  affumed  Arc  AG^  they  will  alfo  agree 
with  one  another;  or  one  will  correfpond  to  the 
other.  And  after  the  fame  manner  any  other  arc 
may  be  affumed,  and  the  agreeable  Anomalies, 
(viz..  mean  and  true)  determined  thence  by  calcu- 
lation, which  will  confcquently  becorrcfpondcnt 
to  one  another. 

Proposition  III. 
SW^  '^E  mean  Anomaly  of  a  Flavet  being  givefiy'Ufbofe 
WL      Orbit  h  given,  to  find  by  calculation  the  true  A-' 
itomaly  and  Difiance  of  the  Vianet  from  the  Sun^  and 
the  converfe, 

Kepler  J  at  the  end  of  Fart  4  of  his  Celeftlal  Thy- 
ficsy  (ays,  that  there  is  no  direft  method  of  Cal- 
culation for  folving  this  Problem.  How  the 
calculation  of  the  Problem  may  be  perform'd  by 
an  indired  method,  and  fit  enough  for  Aftrono- 
raical  ufes,is  now  to  be  ftiewn.  In  the  Circlcy^ DP, 
(jRf.  ;.)  touching  the  Orbit  in  the  Aphelion  and 
Perihelion,  let  thearcs^G  or  angles  ^CGof  the 
Anomaly  of  the  Exccnter,  be  taken,  exceeding 

kie  another  by  finglc  degrees.  For  every  one  of 
em  (by  the  preceding)  find  the  correlponding 
Anomalies,  viz.  the  mean  and  the  true.  When  a 
Canon  of  the  Mean  and  correfponding  Coequatc 
.nomaly,  for  a  given  Orbit  of  a  PJanet,  is  made 

to 


^^ 


i. 
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to  each  particular  Arc  af  the  Anomaly  of  dj» 
Excenrricj  look  among  them  for  the  mean  Ano- 
maly given  ■  the  correlponding  true  Anomaly 
hdm  which  is  fought.  But  if  the  mean  Anoma- 
ly propofed,  is  not  found  among  rhofe  in  the 
Canon,  the  true  Anrimaly  fought  will  be  foxnid 
(after  the  manner  commonly  known)  by  a  pro. 
portional  part.  If  you  are  to  work  withooc 
Tabtcs,  KepUy  a(fvifes  the  ufe  of  the  Rule  of  Po- 
fitions  (call  d  alfo  the  Rule  of  FalfeO  by  fuppoiing 
the  Anomaly  of  the  Excenrric  /?  G  an  arc,  or 
yiCG  an  :mgie,  or  ylGC  a  ScAor,  (for  tfie/i 
three  are  exprelfed  by  the  fame  number)  to  be  of 
as  many  parts  as  you  pleafe,  and  by  addiTTg  or 
fubrra^ng  from  it,  fo  alfum'd  as  there  is  need, 
an  analogous  Triangle  congruous  to  the  Phyiical 
part  of  the  Equation,  namely  GSC^  to  make 
the  mean  Anomaly  AG  5,  for  if  it  comes  Out  as 
great  as  chat  propofed,  the  Anomaly  of  the  Ex- 
ccntcr  was  well  put,  and  the  true  Anomaly  chat 
agrees  to  it  is  the  Anomaly  fought ;  becaufc  fir- 
ting  the  given  mean  Anomaly  ;  but  if  it  does  not 
come  out  fo  great,  the  Pofition  is  to  be  corrected 
by  that  which  does  come  out,  and  the  operation 
is  to  be  repeated.  For  finding  the  Diffance  of  the 
Planet  from  the  Sun,  you  have  in  the  Triangta 
LCS^  the  Angb  LSC  given,  namely  the  above 
found  coeqiKiced  Anomaly;  alio  the  Angle  LC.S, 
the  Supplement  of  the  Angle  LC^,  whofc  Tan- 
gent is  to  the  Tandem  of  the  Angle  j4CG  of  tbe 
Anomaly  of  the  Excentric,  as  the  IcffcraKC  of  the 
Orbit  to  the  greater  ;  the  Excencikity  5C  is  ahb 
given,  from  whence  the  diflaiice  SL  of  the  Pli- 
net  from  the  Sun  becomes  known. 

And  after  the  like  manner,  may  the  Mean  Ano- 
maly be  determined  from  the  given  True  one,  ci- 
ther by  r;^bles  already  made,  or  by  tJie  Rule  of 
Falfv  i'ofuion. 
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^^^  Proposition  IV, 

^m  ^  O  di'vide  a  Semicircle  in  a  given  ratiOy  hy  a  right 
_1  line  Jrawn  from  a  given  pint  cf  the  di4mtttr» 
Let  JGB  [^Fig,  4.]  be  a  Semicircle,  C  its  Center, 
dB  its  Diameter,  and  S  a  point  given  in  the  Dl- 
imecer  ^  from  whence  a  right  line  as  5  G  is  to  be 
irawn,  cutting  the  circumference  inG,  fo  as  that 
:he  Area  AGS  may  be  to  the  Area  BHGS  in  a 
given  ratio,  namely  as  p  to  j,  Suppofe  it  done, 
ind  from  G  on  AC  let  fall  the  Perpendicular 
7E.  Let  the  Semidiameter  AC  oc  CB  be  called 
•;  AEy  xi  let  to  be  a  fourth  proportional  to  the 
iight  lines  SC,  CAy  and  the  Semicircumference 
^HB.     Then  Semcircumf.  x  Radius  =  twice 


Semicircle  =  SC  x  w,  or  w  = 


sc 


Again, 


ince  by  fuppofition,  area  AGS',  area  BHGS  :: 
>:  jy  th.  Semicircle  AHB  :  area  AGS^.f  +  j;^- 
h,p%AHB=if-\'q>^AGSy  and  confeq.  zAGS^ 


Put  A  for 


pm 


^     I  then  IS  4  =  '-^^zr- — 


FT7" 

=  -~ri  Oi,a%SCszzACS.  TowardsBtake 
:  r,  ib  to  C  B,  ^5  C  B  is  to  C  S ;  and  call  A  r,  i, 
henis  cr=^—r,  and  th.SC  3= -^i  and SCk# 


b-r 


ttrr 


38" »  A  G  S  =  5.r*    And  fince  C  E^r  —  x,  th, 

>  £  =  r  —  jc  +  |f^  i    Alfo  2-^GS  =  2^GE 

4.    iGSE^zAGE^GEycES.      But,  by 

;he  Dodrinc  of  Series,  in  a  Circle,  whofe  radius 
tsr,  the  Segment  whofe  verfed  Sine  is. \,  that is> 

y>/2        28>^z      72^2 

tienc^ 


lik^Mi 
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Hcncc2  A SEG=(S£x£G=  r  +x+^xEG 


a,      V 


i?:^^. 


rr 


But^=:2JGS=2^G£  +  aSEG,  thcrt- 

fbre,  by  reducing  the  Equation  according  to  Ait 
vou  Will  find  that 


V2xftr  2x 


?*/2 


12 


■•2Xr-V 
20 


^f' 


ra' 


r 


XJf56^ 


Taking  therefore  JE  equal  to  ib  many  c&vms  o£ 
this  Series  as  you  pleafe,  and  from  £  ere^ng 
EG  perpendicular  to  JB,  it  will  meet  the  Cir- 
cle in  the  point  G  fought.    4.  E.  K 

And  (by  Prof,  i.)  the  fame  EG  will  meet  any, 
Ellipfe  J  KB,  defcrib'd  upon  the  greater  axe  A  B,} 
in  L,  foas  that  S  L  being  joynd  will  divide  ths 
Semi-Ellipfe  AK  B  into  two  parts  ALSj  BKLS^ 
having  a  given  ratio  to  one  another 

The  Icfs  the  diftance  of  the  points  C  andS* 
(that  is,  the  lefs  the  exccncricity  of  the  ElUpIc) 
and  the  ratio  of  />  to  ^,  the  fewer  terms  of  thii 
Series  will  fuffice  :  For  the  ratio  of  ;» to  <f  ougho 
to  be  fmall,  that  the  Series,  expreding  the  valac 
of  the  Segment  AG  E^  may  foon  converge ;  that 
is,  chat  few  oi  its  terms  may  be  very  jaear  equal 
to  the  Segment. 

I  formerly  publifli'd  this  Solution  of  the  Pro* 
blem  before  us,  in  a  Geomenic  Excrcitation  toncrm' 
ing  the  D'menfions  of  Figures,  Printed  at  EJinkurgb  iti 

the 
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the  Year  16B4;  but  I  thought  it  would  not  be  a- 
finifi  CO  infert  it  again  hcrc,as  its  proper  place. 

'Twas  frjt  thus  done  bj  Mr,  James  Gregory,  afii 
€omwu/jlcated  to  Mr.  John  ColJins.  in  a  Letter  dated 
April  r^e  ^th  1672,  from  St.  Andrews. 
Proposition  V» 

TO  Mvsde  an  Eiiiffs  that  Is  not  very  eXceritric,  ty 
a  right  line  thro  one  of  the  Focly  fo  as  that  the 
Portion  of  the  Elliptic  area  contained  bttwetn  the  greater 
Am  and  the  Une  to  be  drawn^  maj  he  very  nearly  ta 
\he  whole  EUiffe  in  a  given  ratio. 

The  method  delivered  in  ?rof,  5.  of  finding  tho 
true  Anomaly  by  the  mean,  Is  reckoned  tentative 
!nd  indired  :  But  any  Geometric  one,  however 
sicganc,  (as  is  that  formerly  given  us  by  the  pro- 
tafted  Cycloid  by  Dr.  WaUisy)  is  not  fo  fit  for  A- 
Ironomical  Calculations  j  and  that  which  does 
t  by  Scries  (as  ?rof./^.)  is  too  laborious;  on  which 
Account  Aftronomcrs  have  recourfe  to  Approxi- 
nations,  efpecially  the  following  one. 

Let  the  Ellipfe  propofed  be  AL?^  [^'^«  fO 
^hofe  Center  is  C,  one  Focus  5,  the  other  F. 
'torn  the  Focus  5  a  right  line  SL  is  to  be  drawn, 
>  as  that  the  Trilinear  ALSy  may  have  very 
learly  a  given  ratio  to  the  whole  Ellipfe  ALT  A. 
At  one  of  the  Foci  F,  make  an  angle  aFl^  ha- 
ing  the  fame  ratio  to  four  right,  as  the  trilinear 
igure  ALS  ought  to  have  to  the  whole  Ellipfe_, 
rhofe  Leg  FL  meets  the  Ellipfe  in  L,  and  the 

Ee  S  L  will  perform  the  thing  propofed  Very 
riy.    For  if  the  Foci  S  and  F  coincide  v/ith 
Center  C,  it  will  be  exadly,  as  is  evident 
m  Vrof.  3  J.  Elem.  6;  the  error  therefore  is  as 
1 35  that  which  proceeds  from  the  Excentrici- 
If  that  therefore  be  fmall,  that  is  in  an  El- 
c  not  very  cxcentric,  the  area  ALS  is  to  the 
die  Ellipfe  as  the  Angle  aFl  to  four  right 
llgles)  that  is  in  a  given  ratio. 

Cc  SCHO 
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SC  HO  L  I  U  M. 

Keflo-  hmifelf,  who  firft  ftew'd  that  a  Plancc 
dercribed  an  Ellipfe^  fo  as  that  in  equal  times  c- 
qualarc;u  were  defcribed,  being  cutoff  by  righc 
lines   drawn  to  the  Sun  placed  in  the  Focui, 
took  notice  alfq  of  this  Approximation^  and  de- 
icribcs  it  in  Chtif,  3.  Vart  2.  B.  f.  Eflt.  chtjs,  ai'tfh 
wtre  the  PUver,  tbe  /Ingle  Pl^Y.  might  bt   Injttainf 
she  mean  Anomoly  almofi.  But  he  did  wholly  ferbear 
ufingit,  both  bccaufe  in  the  PianetMars  ic    '  "  ' 
differs  fromche  Heavens,  and  elpeciallybeca :.:_.-:. 
elegant  demonftratiom  of  the  motiom  from  their 
Phyfical  caufes  by  this  means  would  lie  wholly 
negleded  and  uncultivaccdj  becaufe  infirely  un- 
known  ;  he  was  therefore  willing  co  perfift  in  tha 
true  Phyfical  Theory  of  the  Planets,  tho'forced  to 
yfe  an  indire<a  method,  as  in  finding  the  coequa 
te<l  Anomaly  from  the  true,  rather  than  to  follow 
one  foreign"  from  the  natural  one^  iho'the  thing 
could  be  dons  by  ic  directly  and  very  eafily 
J-    Afterwards   the  Celebrated  Adronpnier  Sttb 
V^ttrJmade  ufc  of  this  Theory  of  the  Planets,  aj 
one  ihac  Nature  it  felf  cook  into  her  fervice 
gnd  affumes  that  the  Orbit  of  any  Planet  is  El- 
liptical, in  one  of  whofS  Foci  is  theSun,  whtdi 
he  acknowledges  is  the  true  and  P/iy/Ical  inftru- 
hient  of  all  the  Planetary  motions ;  in  the  mean 
while  the  motion  of  each  Planet  is  fo  tempered 
about  the  other  Focus  as  to  form  at  it,  Angles  pro- 
portionalto  the  times;  and  upon  thisHypothefishc 
has  built  his  Geometrical  EHipicaUfironomy  fa  verY 
excellent  work,  and  what  all  found  Aftronomy  U 
very  much  indebted  to,^    For  he  has  applied  Geo- 
metry (with  which  he  was  very  well  acquainted) 
fb  happily  to  Aftronomy,   as  not  only  to  fiji^ 
directly  and  Geometrically  the  true  Ano 
fropi  the  mean  one  given,    but  to  det 
thtf  OiBks  of  all  the  I?lanscs,  as  wdl  in  regflr 
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of  their  figure  and  fituation^  as  iii  regard  of  their 
magnitude,  ^taking  the  Orbit  of  the  Earth  as  ft 
tneafure.)    But  ftill  he  has  not  oyipeJ  off  that  ^awwu*" 
^fttna,  which  fiill  cleaves  to  j^jfronoMj ;  Forhefolve* 
His  Problem  of  Aftrbnoniy,  not  according  to 
Bne  true  and  genuine  Syftem,   whereby  Kethr 
had  challenged  Cieemeters  to  folvc  therhj  but 
^y  a  fiditious  one,  that   comes    very^  near  the 
Kue  one.    Nocwithft.inding,  the  method  of  his 
Ij^ilronomy  is  of  very  great  u(c:    Since  the  Of- 
Dits  of  the  Planets  are  not  very  Excentric  ElHp- 
fes,  butfueh  as  come  pretty  near  to  Circles,  nor 
les  fVarJ's  Hypothefis,  wherein  he  makes  the 
lotion  about  the  Foctjs,  which  the  Sun  is  not  in, 
[uable,  differ  much  from  the  accurate  one;  and 
^ill  be  of  very  great  fervice  in  determining  the 
>rbiis  of  the  Plaiiets  very  nearly,  which  may 
>y  repeating  tlie  Calculation,  as  fhall  be  fliewrt 
AoWy)  again  be  made' more  "accurate  ac  pleafure. 
'Tis  true  that  Ifmael  BullhUus,  in  his  PbUoluc 
ifirovomy^  while  he  makes  every  Planet  move  irt 
~  Ellipfe,  and  cuts  this  Ellipfe  out  of  a  Cone,  fuch 
that  the  Axis  of  the  Cone  paffes  thro*  one  of  the 
'oci  of  the  Ellipfe;  and  laftly,  while  (Cb.^p.ti. 
^ook  I.)  he  'makes   the  motion  of  the  Vianet  abstif  the 
lone  and  in  Circles  parallel  to  the  Bnfis  of  the  Cone, 
hie  equal ^   he  hasTuppofed  the  equable  incre- 
ment of  the  Angles  at  the  Focus  in  which  the 
ifxn  is  not ;    C^amely  that  through  which  the 
ixis  of  the  Cortc  pafles,)  that  is,  the  Hypothefis 
f  WarJ,   without  knowing  of  it :  Nor  did  he 
jttderftand  it,  till  Pfard  inquired  into  the  foun- 
Wionsof  his  Aftronomy,  and  demonftrates  ic  in 
it  firft  Chap,  of  his  Inquiry.     And  BuHialdus  him- 
|lf,  who  had  commiferated  Kepier  on  the  account 
f  his  miftakes  and  defeds  in  Geomerry,  there 
lects  with  what   he  deferved   at  the  hands  of 
<^arJm  whoQiowsBiMiUus  (befides  the  feveral  er- 
Cc  a  rors 


3 

rors,  which  he  had  committed  and  iQgenuouQy 

COnfefTcs  in  his  Found,  of  Phil.  W/r.  afferted  againfi  Si 
lVr.rdy)  that  he  did  not  throughly  underftand  hij 
own  Hypothefis,  while  he  fuppofcs,  wichouii 
knowing  it,  that  the  motion  aboac  the  Focus  of 
thetllipfe,  in  which  the  Sun  is  not,  is  equabte; 
which  nocwithftanding  had  he  throughly  known 
it,  he  would  have  finiftied  the  greaceft  part  of  hi^ 
Aftronomy  much  better  and  eafier. 

And  Count  Tii^an  has  alfo  ferioufly  embraced 
this  fame  Hypothefis,  namely  of  an  equable  angu 
lar  motion  of  a  Planet  about  the  other  Focus  of  an 
EUipfe,  in  which  the  Sun  15  not  placed^  for  cnxe 
and  genuine,  and  has  publifhed  in  &encb  at  Tarii 
Ah,  r^J7,  a  Theory  of  the  Ptanits  built  upon  k  ^ 
and  at  the  end  of  his  Theory,  hasboWly  thrown 
upon  the  miflakes  of  the  Obiervers,  the  diftgree 
raent  of  it  wich  the  Heavers,  which  is  ^rcaieft 
in  the  Odants  from  the  Apfides.  And  tho'  this 
Ti?eorjt  cfVngan  Comcs  a  fuU  Year  after  fi^arXy  Gto 
metrical J-! ft rmomy^  and  three  at  lead  after  the  7a* 
qtiiry  Into  the  Foundations  of  BuSialdus's  /ifron,  Pbik- 
Ilka,  (where  he  liad  laid  down  the  foundations  of 
all  his  Aftronomy,  and  conftruftcd  nvoft  of  the 
Problems^)  yet  Pagan  goes  no  tarther  than  the  de- 
termining the  place  of  a  Planet  in  its  Orbit  be- 
ing given  at  an  afSgned  time,  and  its  diftancc 
from  the  Sun^  that  is,  the  eftabllfhing  the  prin- 
ciples themfelves  of  Aftronomy  ^  otnitting  all  chc 
'comparative  Aftronomy,  in 'the  cultivating  of 
which  by  Geometry,  the  Accurate  IVerJ  has  wdl 
employed  his  pains. 

Proposition  Vf 

Stlppofing  the  .approximation  i^reh  tfcfcrtvcd  to  hi  jc 
(urute  cnnu, 


'^gb,  ( 


s  Hypoth  JIj  cf  Vy'^i 


the  Mean  AnuJ^^Ij  If  ing  givtn^  to  jtnd  the  cctfi 
Anomffly^  and  the  Planetr  Diftame  fhm  tht  S/ii 
givui  OrbU, 


Let 
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Ut/ILT  [Fig,  6.]  be  the  Elliptic  Orbit  of  the 
Planet  about  the  Sun  placed  in  5  as  a  Focus; 
let  its  Aphelion  be  ^,  Perihelion  P,  greater 
Axc^P:  From  the  Mean  Anomaly  the  angle 
^FL  given,  the  coequated  Anomaly  is  to  be 
found,  namely  the  angle -^5  Lj  and  th?  Diftance 
of  the  Planet  in  L  from  the  Sun,  ^vss,  SL  •  that 
is,  the  ratio  of  this  right  line  to  FS  or  ^P. 

Produce  FL  to  B,  lo  that  LB  may  be  equal  to 
LSy  and  join  BS,  And  becaufe  (by  Prop,  j 2. 5.;, 
Consc  ofAfoUomui)  FL  and  LS  uken  together  are 
equal  to  the  axe  AV^  FE  will  be  equal  to  the  fame 
A  P.  And  therefore  in  the  Triangle  BFS,  the 
Sides  BjF,  FS,  and  the  Angle  intercepted  £FS, 
the  complement  of  the  Mean  Anomaly  given  AFL 
to  two  right  or  four  right  angles,  (according  as  L 
is  in  the  firft  or  fecond  Semicircle  of  Anomaly^) 
the  Angles  FSB  and  FBS  or  LSB  will  become 
known,  whofe  difference  AS  L  is  the  coequated 
Anomaly  fought.  Befides,  in  the  Triangle  L  FS 
at  firft  the  angle  LFS  and  iide  FS  are  given,  and 
now  the  angle  FSL  is  found,  and  the  remaining 
one  FLS  ^  therefore  the  Side  LS  will  be  found  in 
the  parts  of  the  given  diftance  of  the  Foci  SF^ 
that  is,  the  Diftance  of  the  Planet  from  the  Suft. 

In  finding  the  angles  FSB,  FBS,  in  the  triangle 
BF5,  when  BF,  FS,  and  the  angle  BFS  are  given ; 
'by  the  common  Rule  of  Trigonometry,)  BF  and 
FS  together  are  to  i^F  lefTen'd  byF-S",  as  the  Tan- 
gent of  half  the  Angles  B  and  FSB,  to  the  Tan- 
5ent  of  half  the  difKrence  of  che  fame.  But  BF 
md  F*r  taken  together  are  equal  toAB  and  FS 
iaken  together  ;  and  BF  lefs  FS  is  equal  to  w^P 
Ie6  FSy  or  twice  SF;  and  the  fum  of  che  angles 
B  and  FSB  is  equal  to  the  external  A  FLy  name- 
ly  to  the  Mean  Anomaly  ;  and  their  difference  is 
:qual  to  F^yLche  coequated  Anomaly.  And 
J  C  c  3  there- 
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therefore  the  fum  of  A?  and  FS  is  to  2P«$',  or  the 

h:df  of  the  one  SA  is  to  the  half  of  the  other  TS; 
that  is,  the  diftance  of  the  Planet  when  in  Its 
Aphelion  is  to  its  diftance  wlien  in  the  Perihelioo, 
as  the  Tangent  of  half  the  mean  Anomaly  co  the 
Tangent  of  hftif  the  cocquated  Anomaly :  In 
which  proportion  the  two  tirft  terms  are  conilaot 
in  the  given  Planet. 

After  the  like  manner  the  mean  Anomaly  may 
be  found,  the  coequated  being  given.  But  if  you 
don't  want  the  coequated  Anomaly  A  S  L  that 
anfwcrs  the  given  mean  one  AFL^  but  the  anghsi 
/"L*?  (called  tbt  Elliptic  Equation  ;)  it  will  be  the 
double  of  the  angle  FBS  found  before.  And  rhis 
single  fubtractcd  from  the  mean  Anomaly  AfL^ 
the  Planet  defccnding  from  the  Aphelion  to  chq 
Perihelion,  or  in  the  firft  fix  Signs  of  the  Ano-, 
nialy,  leaves  the  coequated  ASLi  But  if  it  be 
added  to  the  mean  Anomaly  in  the  laft  fix  Signs 
of  the  fame  it  makes  the  coequated  Anomaly^ 
from  whence  it  receives  the  name  Vr&fih^jb^efis.  • 

Proposition  VU. 

TO  explain  the  eorreBton  of  the  frectJkfjt  ^ff^oxr- 
mdtion  made  bj  Bullialdus ;  ohJ  to  ftttw  Acv 
(ibdt  beifi^  fffpofeJ)  the  coe^mted  Anomaly  mnJ  tie 
atfiavce  of  the  Plantt  from  the  Sun  may  be  found, 

Ifmael  BuHialdus,  in  the  defence  of  his  PbilMt 
Agronomy  againft  Ward,  in  a  Book  intituled^  Th$ 
Famdatlrn  of  the  Vbilolaic  Afircnonjy  explain'  '  "  -  f. 
and  2. /hews  from  four  Obfervations  by 

Tycho,  thijt  the  Hypothefis  of  tVard  lately  dCicrA 
bed  does  not  agree  to  Mars,  rh^c  in  the  HrAend 
third  Quadrant  of  the  mea 51  Anomaly  is  more 
forward  rhm  \z  ought  ro  be  by  chfs  HypochcfiSf 
bat  in  the  fecond  and  laft  Quadrant  of  the  •"-"- 
y5,nomaly  is  lefs  than  this  Hypothefis  re^^ 
But  even  now  neither  has  he  lb  much  as  looked 

back 
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t:k  upon  the  fagacious  Keplcty    according  to 
ofc  Phyfical  Syftem,  the  matter  ought  to  be 
sin  every  EUipfe,  and  in  Mars  fenfibly,  (be- 
caufe  its  Orbit  is  fenfibly  excentricj)  and  as  thc^ 
very  numbers  themfelves  which.  X«p/er  brings  do 
plainly  (how.    But  being  refolved  upon  corre<a- 
ing  IVard's  Hypothefis,   in  requital  of  the  like- 
kindnefs  from  him,  he  brings  the  following  cor- 
rcdion  of  the  mean  Anomaly,  found  as  above, 
in  Chap.  4.  of  the  faid  Book.    Let  ALBPlilg.j.^ 
be  the  Elliptic  Orbit  of  a  Planet,  whofc  Foci, 
Apfides,  Cenretj  &c,  are  expreffed  by  the  fame 
letters  as  they  have  been  frequently  before:  And  kc 
the  angle  AFLy  the  mean  Anomaly  in  the  Hypo- 
thcfisof  IVarJ^  be  to  four  right  angles,  as  the  time  in 
which  the  Planet  defcribes  the  Elliptic  Arc  ^£  to 
the  intire  periodic  Time.     And  becaule  the  point 
L  in  the  firft  and  third  Quadrant  of  the  mean  A- 
lomaly  fthat  is,  while  the  Angle  AFL  is  lefs  than 
I  right,  or  greater  than  two,  or  lefs  than  three) 
s  not  lo  forward  as  Obfervaiions  require,  hut  in 
he  firft  and  fourth  Quadrant  too  forward  ;  that 
s,  becaufe  the  angle  AFL  is  in  the  firft  cafe  too 
ittle,  in  the  fecond  too  great ;  therefore  BuUi^U 
^i$s  coFxeds  this  angle  thus.    Thro'L  draw  LE  per- 
>endicuiar  to  the  Axe  A? ;  meeting  it  in  £,  and 
he  Circle defcribed  upon  the  diameter  viP  in  G, 
DinFG;    let  the  Angle  AFG  be  taken  for  the 
lean  Anomaly  inftead  of  AFLy  the  angle  AFG 
\H!lialdus  takes  the  liberty    of  calling  the  True- 
dtan  Aiiomaly,  leaving  the  name  of  the  Mem  to 
leanglej^iTL,  which  is  proportional  to  the  Timej 
ind  therefore  the  Place  of  the  Planet  in  its  Or- 
iecorrecied  will  be  the  point  F,  where  FG  meets 
^  Orbit.     The  angle  of  the  True-Mean  A- 
■baly  AFl^j  correfponding  to  the  angle  of  the 
iSin  Anomaly  A  FL  is  found  very  readily,  by 
ting  an  angle  whole  Tangent  isi  to  the  Tangent 
C  c  4  of 


^^ 
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cbe  mean  Anooialj,  as  the  greacsr  sxe  of  tkt 

IllipTe  Is  CO  cbc  le(s;  and  this  will  beihac  wtiOi 

is  Ibaghc    For  G  £,  ^e  Taogenc  of  the  as^ 

C  F£,  is  to  LE  the  Tangent  of  the  Tangent  of 

die  Angle  L/^£,  CO  tbe  fame  radios  F£,  asiX:or 

C/<  to  BC.     And  in  che  Triangle  FFS  f  112ft  as  in 

the  preceding  Pr«f.  in  the  Triangle  tF:  iic 

F.?,  the  CTctemal  angle  AfV^^  and  fnm  01  cfas 

Sides  fy  and  f^S  being  given,  the  coeqaaced  A- 

nomaly  FSf^  b  found,  and  the  Side  VS  the  Di- 

ftance  of   the  Planec  from  che  Stui  correiSed. 

^E,F. 

And  this  h  the  corre^flion  of  WMfJ[%  ifyptA^ 
which  RuHiaUus  brings;  and  'tis  well  enoa, 
it  be  taken  only  for  a  corre^on  of  che  ap 
macion  to  the  true  Syftem,  as  it  onght  to  be ; 
cau(e  that  by  which  he  had  tffeScJ,  tha$  m  latph  the 
coejmateJ  Anomaly  might  hefotmJfrom  tke  wuait  a  pri« 
Off,  and  at  the  fame  time  the  c&UuUtUm  fasijfy  tihfer^a'^ 
tim ;  ^bicb  no  one  bad  done  before  him  (according  t 
Mcrcator%    judgment )    in   the    EMiftU  Hypctb^. 
Bat  when  BuUialdus  puts  it  upon  us  as  che  true 
genuine  Syftem,  and  derives  the  Phyfical  ca 
of  it  (Qhaf.  %,  and  4.)  after  his  manner  from  th 
Cone,  he  not  only  leaves  che  Foundatioos  of  he 
Tbilclaic  Agronomy  unexplained,  but  difpnces  asii 
there  were  po  Phyi'ical  foundadoas  of  Ailronom 
ac  all. 

Proposition  VIII. 

TO  Jefcrlhe  theOrbitj  vf herein  that  Cekbraud 
nomer  Doaiinicus  Caffini,  thinij  a  ph 
carried  ubout  the  Sun,  and  to  txfluin  its  agrtrmmt  ^ttt 
dlf  grttmem  •n'itb  "Natural  can fes  and  the  Pbam 

I.cr  rhc  Diameter  AR  of  the  Circle  At^ 
[^Fig.  8  ]  be  divided  into  cwo  equal  parts  iff  il 
p^inc  C,  and  thio'  it  draw  an  indeftnice  line  Ui 
perpciidicular  to  AB.    Divide  AB  again  in 
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Bt  AG  may  be  to  G  A  as  the  difl^nce  of  the 
K  f whofe  Orbit  is  to  be  defcribed)  from  the 
when  it  is  in  its  Aphelion,  ro  the  dil>jncc  from 
Sun  when  it  is  in  irs  Perihelion  {  and  :  tke  CF 
il  to  CG.  From  Pon  AT^tiz  Pcpendicular 
tte  ereded,  meeting  the  Ciiclc  in  /'.  On 
tenter  Fy  at  the  diftance  FH^  dcfcribe  3 
K  cutting  the  indefinite  right  line  D  E,  in 
points  D  and  E,  which  are  the  extrearns  of 
^ffer  Axe  of  the  Orbit  to  be  defcribsd.  To 
■ts  other  points,  draw  thro'  Fany  how,  tho 
rc  line  IFK  meeting  the  Circle  in  /and  K^ 
the  Center  F  at  the  diftance  IF  or  KF^  let 

^16  be  defcribed  ,•  and  on  the  Center  G,  at  a 
;e  equal  to  one  of  the  Segments  of  tha 
uUne  IFK,  namely  KF  or  IF,  anorher  Cir* 
the  interfc<5Hons  of  thefe  Circles,  I^y  ^,  ^y  L^ 
►elong  to  the  Orbit.  And  after  this  manner, 
ife  two  Circles  arc  drawn  upon  both  Ccn- 
four  points  of  the  Orbit  will  be  determined 
fame  time.  After  the  like  manner  its  other 
nts  may  be  determined^  by  drawing  other 
bt  lines  paffing  thro'  F,  and  bounded  by  the 

Se  on  both  fides.  Becaufe  the  redangle  un- 
he  fcgments  of  the  right  line  drawn  thro' 
point  F  and  bounded  by  the  Circle  is  given, 
ng  equal  to  the  rcdangle  under  AF,  FB  (by 
f.  J  J.  E/lw.  1  i)  'tis  evident  chat  the  re<^ngle 
der  the  right  lines  FL,  GL,  drawn  from  the 
bts  Fani  G,  to  any  point  L  of  che  Curve 
U  is  alfo  given,  and  equal  to  the  re^ngle 
mr  ^F^  FB  OT  under  AGy  GB;  and  therefore 
It  ^G  is  to  GL  as  FLtoGB  or  FA.  As  in  the 
pmon  Ellipfe  the  fum  of  the  right  lines  from 
FFoci  inclined  to  any  point  in  the  Circumfe- 
is  given,  fo  the  rciiitangle  under  the  right 
drawn  trora  the  points  F  and  G  to  any  point 
Curve  A DBE  is  given,  on  which  account 


J94      '^^^  Elements      Boolcll 

Caj[/tm  gave  the  name  of  Foa  co  thefe  pointy 
and  G. 

He  would  have  this  Curve  to  be  the  Orbit  oi 
Planet^  which  ic  defcribes  about  the  Sun  plac^ 
in  the  Focus  G,  fo  as  chat  the  angles  at  the  ochi 
Focus  F  are  proporrional  to  the  times  ;  which  h 
therefore  calls  the  Focus  or  Center  of  the  mea 
Motion,  as  he  does  the  other  G,  of  the  true  Mc 
rion,  where  he  places  the  Center  of  the  Sun  ar 
of  the  World.  On  which  account  anv  two  d 
ftances  of  a  Planet  from  the  Focus  of  the  trv 
Motion  are  reciprocally  as  its  diftance^  from  ch 
focus  of  mean  Motion.  In  this  Orbit,  the  trui 
Anomaly,  namely  ^G  L  is  determined  from  ch 
mean  Anomaly  or  Angle  AFL,  if  in  the  Trian 
gle  LFG,  the  Bafe  FG,  and  one  of  the  adjaceni 
angles  L  FG  (the  complement  of  A  FL  the  mcai] 
Anomaly,)  and  the  redangle  under  the  two  othei 
iides  FL,  FG  being  given,  the  other  things  maj 
be  found. 

This  Cj^wtf«Hypothefis,  briefly  delivered  in  a 
Treatife  ef  the  Origen  and  Progrefs  of  Ajhmomj^  bHj 
thisPhyfical  difadvantage,  that  ttio*  a  Planet,  by 
the  adion  of  a  centripetal  Force  of  a  certain  kitMJ 
toward  the  Sun,  (whofe  Law  may  be  knowu  tdii 
Cor,Frop,'ij.B,i,)  may  defcribe  the  Orbk  ALDBE 
about  the  fame  placed  in  G,  yet  tliis  force  will  W 
intirely  different  from  that  ufed  in  raoft  of  the 
operations  of  Nature,  and  from  that  whereby  the 
common  Ellipfe,  having  the  fame  Foci  and  Ver- 
tices, is  defcribed  about  the  Sun  placed  there; 
and  this  over  and  above,  that  a  Planet  defcribing 
the  Curve  ALD,zs  Cajftni  fuppofes,  (namely  lb  as 
that  a  line  FL  being  drawn  every  where  to  the 
Planet,  the  angle  A  FL  is  made  proportional  to 
the  time)  does  not  all  obferve  that  univerlal  Lav 
demonftrated  in  Fnf,  2 1.  5.  i.  fo  as  to  make  the 
area  ALG^  which  the  radius  OL  proceeding  from 
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iieStin,  dcfcnbes,  proportional  alfo  to  the  Time, 
Dn  which  account  this  Hypothcfis^  as  well  as  tho 
ibove  dcfcrib'd  Hypochclis  of  JVartl  and  Tagiinus^ 
jifihyrically  impoflible.  Tis  utterly  impoffibte 
Bp  H  Planet,  tho'  it  be  aded  upon  by  any  cen- 
Spetal  Force  tending  toward  the  Sun,  (hould  de- 
cnbcihe  Perimeter  of  the  common  Ellipfe,  or 
jf  this  Cajfmian  Ellipfe,  fo  as  that  the  angle  at 
he  Focus  where  the  Sun  is  not  be  alfo  propor- 
ional  to  the  Times.  For  this  being  fuppofed,  the 
reas  at  the  Sun  would  not  be  proportional  to  the 
rimes,  (as  h^s  been  fhewn  above  of  the  common 
Lllipfe,  and  fhall  be  fliewn  hereafter  of  both) 
vbicb  notwithftanding  is  dbne,  as  has  been  de- 
lonftrated  in  Prop,  9,  J5,  i. 

But  ve  ovill  Jcmonjlrate  that  in  the  Figure  above  Jlc- 
:ribed  A  L  D  BE  (flr  in  any  other  that  is  conca*ve  every 
\fhtrt  toward  the  Center ^  whofe  four  parts  maJt  by  the 
wo  exes  are  etjttal  imd  fimilar,  and  the  two  Foci  F 
nd  G  ejui'difiant  from  the  Center y)  tvery  angle  at  the 
^ocus  F  is  not  to  four  right  angles  as  toe  area  at  the 
locus  G  to  the  whole  Figure  Pi  uBE, 

Let  us  fuppofe  the  angle  at  the  Focus  Fto  be 
3  four  right  as  the  area  at  the  Focus  G,  to  the  in- 
ire  Figure  [f7^-9.]  Draw  the  right  line  FL  per- 
endicular  to^i  B ;  by  which  means  the  angle  ^FL 
/ill  be  a  fourth  part  of  four  right,  or  half  of  two 
ight;  and  therefore  the  area  ALG  will  be  by 
jppofition  a  fourth  part  of  the  intirc  Figure 
IDBEy  or  ahulf  of  the  half  AD  By  that  is,  e- 
ual  to  LDBG  what  it  wants  of  half  From  G 
raw  G  M  parallel  to  F  L,  meeting  the  Orbic 
xM'j  and  then  Gil/,  from  the  nature  of  the 
)rbir,  will  be  equal  to  FL^  and  confequently  by 
*rof,  i";,  EL  I,  ML  fwhich  intirely  falls  within 
he  Curve  JDBE,  fince  by  fuppofition  ic  is  every 
t^hei^  concave  towards  the  Center  C)  is  equal  and 
►araliel  to  Gi''^  and  (by  Frop,  ;4,  £/.  i.)  the  Tit- 

angle 
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^gle  MG  L  is  equal  to  the  Triangle  G  FX.. 

Cnce  the  Figure  ^FLi^  from  the  natare  oi 

prhit,   equal  to  the  Figure  BMGy   the  Fi 

y^  LG  is  equal  to  the  Figure  BMLG,  containec 

dcr  the  right  lices  BG,  GL,  LM,  and  the  C 

B  Af    But  ic  was  juft  now  ftewn,  that  the  Fi, 

'BMDLG,  contained  under  the  right  lines  BG, 

and  the  curve  BMDL^  is  equal  to  the  Figuxe  A 

I  and  therefore  the  Figure  BMLG  is  equnJ  tt 

'Figure  BMDLG  ;  that  is,  a  part  equal  to  the  wfc 

Vhich  is  abfurd.    Therefore  the  Figure  A  L 

not  a  quarter  of  the  whole  Figure  A  DBE,  w 

the  Angle  AFl  is  a  quarter  of  four  right;  o 

very  angle  ac  the  Focus  F  is  not  to  rour  n 

I  angles  as  th$  area  ac  the  Focus  G  to  (he  whole 

gure,    ^  E.  D. 

Befjdes  the  aforefaid  Hypoihefis  labours  un 
■  this  difficulty,  that  the  true  Anomaly,  and 
correfponding  mean  Anomaly,  and  the  difta 
cf  che  Planet  from  the  Sun,  do  not  in  the  leai 
gree  with  the  Phaenoniena  in  the  Heavens, 
fmcethe  common  EUipfe  does  agree  with  tl 
Phenomena,  chat  other,  the  Cafmun  onc^  wh 
^is  of  a  different  nature,  cannot  agree  wich  ck 
For  the  place  of  a  Planet,  at  a  given  rime,  in 
common  Ellipfe  ATBZ^   \_Fii,  ro.]  will   d' 
from  rhac  in  che  CaJJinian  Orbit  AD  BE,  defcri 
with  the  fame  Vertices  Ay  fi,  and  the  tame  I 
F,  G,  as  well  in  regard  of  the  true  Anomal) 
Angle  made  wich  ^B  ac  G,  as  of  che  diftance  w 
the  Sun,  in  refpei^  of  the  diftance  of  the  Aphel 
GA,    And  tho'  in  Orbits,  where  the  Exccnrri< 
( is  very  fmall,  the  difference  is  not  very  ^e^^l^ 
where  the  Excentricity  is  great,  things 
'  wife.    In  che  former  cafe,    the  Circle 
defcribed  upon  the  diameter  AR,  almcu 
'the  Phenomena,    Yet  all  Aftronomers  now 
-days  acknowledge  that  a  citcuJar  OrWc  is 
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►road  about  the  mean  Longitudes^  as  ^  and  X 
tot  this  Cojjinlan  Orbit  ADBE,  on  the  contrary  is 
luch  too  narrow  in  thofe  places.  Suppofe  for 
tinftance,  ATBZ  to  be  the  common  Elliple,  whofe 
^tatcraxe  is  to  the  lets  as  5*  to  4;  let  a  Cajfmian 
^rhxt  ADBE,  be  defcrib'd  upon  the  fame  Verti* 
i:e5  and  Foci  3*  its  lelT^r  axe  DE  will  be  lefs  than 
he  leffer  axe  TZ  of  the  true  Elliptic  Orbit,  a- 
X)ve  a  third  part,  whereas  in  the  mean  while  ^X 
lie  breadth  of  the  Circular  Orbit  exceeds  TZ  by 
I  lefler  part ;  namely  only  by  a  fourth  part. 
rhercfore  this  Orbit,  fidce  Phyfical  reafons  don't 
iiit  with  It,  (becaufc  it  is  intirely  impofEble  to  be 
iefcribed  after  the  manner  that  Cajfini  its  Author 
equires,  namely  fo  as  that  the  Angles  at  the  other 
?ocuSj  than  where  the  Sun  is,  may  be  proportional 
othe  Times  i  for  thus  the  area  defcribed  by  the  ra* 
)ius  would  not  be  proportional  to  the  Time:  Nay, 

0  defcribe  it  at  any  rate,  a  Centripetal  force  to* 
vards  the  Sun  is  neceffary  that  is  altogethcc 
lifFerent  from  thatwhich  is  ufed  by  nature,  which^ 
ike  every  other  natural  Virtue,  propagated  from 

1  Center  or  to  a  Center,  in  right  lines  thro'  che 
:ircuni*ambient  fpaces,  is  reciprocally  as  the 
iquare  of  the  diftance,)  and  fince  the  Orbit  does 
lot  agree  with  the  Phaenomena  and  Celeflial  Ob- 
ervations,  by  reafon  of  the  (hortnefs  of  the  let 
!er  axe,  and  the  narrownefs  of  the  middle  Orl> 
iriHng  from  thence^  it  ought,  I  (ay,  to  be  thrown 
)ut  of  Aftronomy.  , 

Since  the  celebrated  Mr.  Cajfmiy  in  his  before- 
^ention'd  Treatife,  propofed  to  Aftronomers  this 
[I^urve,  as  the  Orbit  of  a  Planet,  there  have  been 
various  difputes  about  the  nature  thereof,  and  the 
Law  of  Gravity  requifite  to  defcribe  it.  In  ray 
[econd  thoughts  upon  it,  its  different  Species,  and 
Pome  properties  of  them  not  fufficiently  known,. 

I  need  themfclves  to  me. 
rrii 
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Tis  fufficicntly  known  thac  this  is  the  nacuri 
of  this  Orbit.    If  from  two  given  points  Faod^ 
[Rj  1 1.]  ^o  ^"y  P<^int  ^of  the  CuTve,  the  ri^ 
lines  FH,    GH  oe  drawn;  ihc  reel  angle  urtd^ 
FHy     GH  is  equal  to  a  given  fpace.        TM 
right  line  FG  produced  both  ways  till  it  raced 
the  Curve,  (hows  the  Vertices  yf  and  Bj  :^"'  ^^ 
is  the  principal  Axe  ;  and  the  point  C  >  s 

the  middle  between  the  Vertices,  ■ 
the  Figure,  and  DE  thro*  C  perpei.^, — ..  ... ..,.. 

the  lelTer  axe  j  and  the  points  F  and  G  the  FoSCfl 

In  this  Figure  if  the  leiTer  axe  exceed  the  dU 
fiance  of  the  Foci,  the  Curve  terminating  thg 
Figure  is  every  wher«  concave  towards  the  CenJ 
ter,  as  it  is  commonly  taken  to  be.  Jfy  the 
pal  Axe  remaining  the  fame,  the  ^fiance  _.  ^^ 
Foci  is  leftcn  d,  the  lefTer  Axe  will  be  etiCreofH 
but  ic  continues  lefs  than  the  Axq  of  ihcEllipil 
delcribed  upon  the  fame  princifval  axe  andthd 
feme  Foci;  till  at  length  the  Foci  meeting  itbe^ 
comes  equal  to  the  greater  axe,  and  the  Figur^ 
turns  into  a  Circle.  But  if,  on  the  contrar)",  thd 
diftance  of  the  Foci  be  irtcreafed,  thelefleraxd 
will  be  leffened,  and  will  become  equal  to  thj 
faid  diftance,  fmce  the  diftance  is  to  the  principJ 
axe  as  unity  to  a  mean  proportional  between  m 
nity  and  three.  J 

If  the  diftance  of  the  Foci  be  farther  encceafefl 
the  lelTer  axe  will  ftill  be  lefTened,  and  the  Curvn 
will  be  no  longer  concave  towards  the  Cenrcn 
but  convex,  at  the  extremities  of  this  axe,  a>  id 
Ftg  12 ;  till  the  diftance  of  the  Foci  being  (0  far] 
Incrcafed,  that  ic  is  to  the  greater  axe  as  the  Sidfld 
of  a  Square  to  the  Diagonal  of  the  fame,  thai 
lefler  axe  will  become  nothing,  and  the  CuxvJ 
reach  to  the  Center  on  each  fide.  J 

If  the  diftance  of  the  Foci  be  greater  than 
in  the  faid  ratio,  the  lefler  axe  is  impoflibJe,  ai)(fl 
the  Figure  turns  into  two  conjugate  ones,  jisitl 
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[fig.  i;.  which,  upon  the  increafe  of  the  diftancc 
lot  the  Foci,  will  be  leffened,  till  at  length  the 

Bre  run  into  two  conjugate  points, 
le  diftance  of  the  Foci  increafing,  the  two  con- 
re  Figures  do  again  emerge,  and  thev  incrcafc 
lafrer  the  fame  manner  as  they  decreased  before^ 
IdtfFering  from  the  former  in  the  order  of  the 
iFoci  and  of  the  Vertices,  and  are  increafed  till 
^hey  become  infinite.  And  afterwards  this  Sy- 
ftem  will  again  approach  to  a  Circle  by  the  fame 
degrees  as  it  receded  from  it. 

From  what  has  been  faid,  'tis  evident  at  firft 
fight,  that  this  Figure  is  by  no  means  fit  to  be  the 
Orbit  of  a  Planet.  Not  to  mention  the  cafes 
wherein  it  pafles  into  two  conjugate  Figures,  and  ' 

lays  afide  the  nature  of  an  Orbit,  namely  where-  * 

foever  its  Excentricity  is  fo  great,  as  Comets  ( if 
:hcy  revolve  round  the  Sun  like  Planets,  as  is  moft 
probable)  require  to  defcribe  their  courfe :  to  pais  ' 

Dver  thefe  cafes,  I  fay,  there  are  alfo  in  thole  ' 

bafes,  where  it  returns  into  it  felf  and  makes  an  ! 

3rbif,  fome  with  an  Excentricity  fo  large,  as  tha^  ,i 

he  Curve  near  the  points  D  and  E  iFig.  12.]  be-  ) 

:omes  convex  towards  the  Sun  ;  and  therefore  , 

he  Planet  would  need  a  Centrifugal  force  from 
he  Sun  to  defcribe  this  part  of  its  Orbit,  where- 
s  in  the  mean  while,  in  the  nearer  and  more  re- 
aote  places  B  and  ^,  a  Centripetal  force  towards  " 

he  Sun  is  requifite.  That  is,  that  the  circumfolar 
fodies  may  be  moved  by  that  Law,  it  muft  be  1 

ranted,  that  in  equal  diftances  from  the  Sun,  *] 

;re  the  force  is  centripetal,  but  there  centrifugal ;  j 

"  ich,  how  foreign  it  is  to  all  the  Laws  of  Na-  i 

any  body  may  eafily  fee.    And  cho'theEx- 
itricity  of  no  Planet  be  fo  great,  yet  'tis  well  1 

hown  ro  Geometers,  that  of  a  Figure,  all  whofe  il 

pecies  beyond  a  certain  limit  are  unfit  for  the  j 

ifchar^ing  any  office  in  nature,  the  remaining 

k                                                    Species 
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Species  on  tbU  fide  of  that  limit,  can'r  be  admit- 
ted hs  fie  for  that  office,  'Tis  neceflary  r6as  tik 
Cafftnian  Cur^a  be  thn>wn  out  of  Af^rmomj^  not  OO^ 
upon  the  account  of  the  resfons  mentioned  l)0- 
fore  in  thi^  Propofinon,  namely,  htcau[tit  tUtsmi 
^«  v>itb  CeUftid  Obfervmlms^  hj  reafm  of  tk 
fiortnefs  of  the  Ufftr  axe^  and  no  Fbyjical  rcafcm  m^ 
fwir  it,  finct  to  Itfcribt  it  there  womld  kt  need  if  < 
ttBtrifnul  force  tow»rd  the  Sun ^  ivtirely  different  ftm 
that  m^^Jt  uff  of  by  N*itt4re;  but  becaufe  of  its  afv 
folucc  impoffibillty.  For  ic  is  inipoiBblc  that  any 
Species  of  tWs  Figure  can  be  defcrib'd  by  a  Pla* 
net,fo  as  that  the  angles  at  the  other  Focus,  where 
the  >un  is  not,  may  be  proportional  to  the  times  j 
for  thus  the  area  defcrlbed  by  the  radias  rhat  car- 
ries the  Planet  along  would  not  be  proportional 
to  the  Time.  For  'tis  not  true  that  increafing 
the  angle  at  one  Focus  by  equal  increments,  the 
incremencsof  theareamade  at  the  other  at  the  fiimc 
time  will  alfo  be  equal,  as  I  thought  not  long  ago. 

In  tbtJFiiHres  i2  and  i;,  the  greateft  breadth 
of  the  Figure  is  found,  by  dcfcriblng  a  Circle 
upon  the  Center  C  thro'  the  Foci  i  for  u  wiJi  cu: 
the  Curve  in  tlie  points  fought  L,  L.  And  the 
greateft  Ordinate  J^L  is  a  third  proportional  to 
the  right  lines  G /" and /^D,  in  the  firft  of  them, 
or  a  fourth  proportional  to  the  right  lines  qF^ 
GJ,  and  AF'm  both. 

If  DE  remains  in  being,  the  Ofdiiuite  firtM* 
the  Focus  Fl'  is  equal  to  the  leffer  Semi-axe  CA 
uhen  the  leffcr  axe  is  to  the  diXlance  of  the 
Foci,  as  the  Side  of  a  Square  to  its  Diameter. 
If  the  tliflarce  of  the  Foci  be  greater  than  in  tha« 
ratio,  Ftv^iW  exceeded. 
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I  S  E  G  T  1  O  N     11. 

Concerning  the  determining  the  Orbit  of  the 
:    Earth,  and  the  Theory  of  the  Eafth  feen 

from  the  Sil!3,  or  of  the  Sun  feen  from  the 

Eatth. 

fPRt)i?OSiTION     IX. 
6  a^ne  iy  obfer^uati&n,  the  Species  of  the  Orhlt  of 
the'Earih  and  the  Vojition  of  Us  Jxe,  as  alfo  she 
'^erlodic  Time  of  the  ^arth. 

One  dcfign  of  this  Book  being  to  determine  th6 
ipecies  of  the  Orbits  of  the  Primary  Planets  a- 
JOut  the  Sun  ;  the  Orbit  we  ought  to  begin  with 
5  that  of  the  Earth  about  the  Sun,  as  well  becaufe 
:  is  the  fame  with  that  which  the  Sun  feerns  tO 
efcribe  in  the  fpacc  of  a  Year  about  the  Earth, 
5  efpecially  becaufe  the  Species  ahd  Poficiou  of 
"lis  is  neceflary  to  determine  the  fame  thihgs  in 
le  reft  of  the  Planets.     For  fince  the  Eye  of  the 
^bferver  is  carried  along  together  with  the  Earth, 
le  Way  of  the  Earth  ought  firft  of  all  to  be 
lown,  if  you  would  be  well  acquainted  Vvith  the 
^ays  of  the  other  Planets. 
Let  the  apparent  motion  of  the  Sun  be  obfcr* 
\A  in  the  Ecliptic,  when  he  is  fwifteft;  that  is, 
len  in  a  given  fpace  of  time   it  defcribes  the 
itelt  arc  toward  the  Eaft  ;  for  in  that  cafe  (by 
fZ.Pro^,^i,B.i>)  the  Earth  is  in  the  Perihelion  P 
14.J  but  when  its  motion  is  found  to  be  flosV- 
the  Earth  is  in  the  Aphelion  A.    But  the  place 
the  Earth  feen  from  the  Sun  is  ex'ri<aiy  oppofite 
chc  place  of  the  Sun  obferved  from  the  Earth, 
Id  therefore  the  place  in  the  Ecliptic  of  the  A- 
klion  and  Perihelion  of  the  Earth  feen  from 
r  D  d  the 
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ehc  Sun  is  had  ;  chat  is,  the  Poficion  of  the  line 
the  Apfides  of  the  Earth.    But  in  Book  ^^ 
Ihew'd  how  the  places  of  the  Fix  d  Stars  in  refp 
of  the  Ecliptic,  that  is,  the  cardinal  and  oth( 
points  of  the  Ecliptic  might  be  determined  in 
fpcd  of  the  Fix'd  Stars,  from  whence  the  Pofit 
on  of  the  line  of  the  Apfides  of  the  Earth  anionj 
chc  Fix'd  Stars  will  be  found.    The  fame  may 
done  by  bifeAing  the  angle  contained  becweec 
two  right  lines  drawn  to  two  places,  where  the  aj 
parent  motions  of  the  Sun  from  the  Earth  per- 
formed in  a  given  time  are  equal  ^  for  fuch point 
are  equidiftant  from  the  points  of  theAphcIionam 
Perihelion.   To  find  the  Species  ofthe  Orbit,  youj 
jnuftobfervc(by  Cw.  j.Pr.4i.5.i.)that  the  appareni 
motion  of  the  Earth  in  the  Aphelion  J  feen  froi 
the  Sun  in  the  Focus  S,  is  to  the  apparent  mot'u 
of  the  fame  in  the  Perihelion  P,  as  5?**,  to  SA 
And   fince  the  apparent  motion   of  the  Eartl 
feen  from  the  Sun,  is  the  fame  with  the  motioi 
of  the  Sun  feen  from  the  Earth  ;  from  the  obfen 
vation  of  this,  while  the  Earth  is  in  the  Aphein 
and  Perihelion,  the  ratio  of  SiA'^   to  .^Pi  wil 
become  known,  and  confcquendy  its  fubdupt 
cate  Sjd  to  S  P  ;  by  compounding  and  dividinj 
them,  you  will  have  the  ratio  of  Syl-hSP  to  S?i\ 
and  SA^S  P  to  5  P  ;  or  of  yf  P  to  5  P,  and  (Am 
pofing  F  to  be  the  other  Focus)  of  .<r  F  to  Sn 
and  conlequently  the  ratio  oi  A?  to  FS  h alfel 
given, 

The  fame  things  may  be  determined  from  rhtl 
obfervarion  ofthe  apparent  Scmidianieterof  the 
Sun.'  For  the  Earth  is  then  in  the  Aphelion,} 
when  the  apparent  Semidiameter  of  the  Sun  i? 
the  leafl ;  and  confequendy  the  place  of  the  Slic 
oppolue  to  the  place  then  obferved,  is  the  plfljc, 
ofthe  Aphelion  feen  from  the  Sun:  and  aftco 
feme  manner  of  the  Perihelion.     The  mil 

polnfl 
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point  alfo  between  the  two  points,  where  tho 
Sun  is  of  the  fame  apparent  diameter,  fhcws  cha 
place  of  the  Aphelion  or  Periliclion  of  the  Earth| 
all  which  are  too  plain  to  infift  upon. 

To  dcrermine   the  Specks  of  the  ElHpfc,  let 
i)r  be  the  diamccer  of  the  Sun  fituaced  in  tb) 
Focus  S.    And  the  angle  D  -^  /  is  to  the  angli 
DP/,  as  5 P  to  5^  5  bur  the  two  firft  terms  oi 
thi«  Proportion  are  given  ;  thGreforc  the  ratio    _ 
SP  to  5>4  is  known  :  From  whence,  as  before^j 
the  ratio  fought  oi  AP  to   F5,  determining  th«! 
Species  of  chc  Ellipfe,  may  be  drawn.     Inftead  of  J 
the  apparent  diameters  or  femidiameters  of  the] 
^un,  meafured  by  the  Angks  or  Arcs,  the  Tan- 
tents  of  the  angles  DAS,  D  P  Sj  of  the  apparency 
ftmi-diameters  may  be  taken,  as  being  evidcntlyi 
lore  exa^. 

Bcfides,  the  fpace  of  rime  between  the  mo*i 
lents  immediately  following,  wherein  the  Earthl 
^as  at  the  fame  Apfis,  to  be  determined,  fronn 

Ehat  has  been  faid  in  this  Propofuion,  is  the  pe*] 
3dic  Time  of  the  £arrh..  But  this  will  be  beft*i 
kjer  determined,  if  fuch  monnnrs  are  ufed  a» 
){re  at  the  greaceft  diftance  from  one  another  as 
nay  be,  and  the  intermediate  time  be  divided 
>y  the  number  of  the  revolutions  the  Earth  has 
nade  in  the  mean  while  about  the  Sun  \  for  then 
^e  Time  of  one  revolution  of  the  Earth  will 
pme  out. 

Proposition  X. 

rO  Jetermme  the  Time  of  either  Equinoic  by  Ob* 
fer<uutlon. 
'  Juft  about  the  Equinox  obferve  (by Pro/>.i8»8.i.) 
be  Sun's  declination,  which  if  it  be  nothing  at 
U,  will  then  be  the  Time  of  the  Equinox  itfelf : 
Uttif  any  thing,then  from  thence(byPro/>.2o,B.2.) 
he  place  of  the  Sun  in  the  Ecliptic  will  be  found. 
Let  chc  fatn^  be  repeated  again^  or  even  a  third 
D  d  2  time 
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tihncj  at  fome  diftance  of  time  between.  And 
by  the  help  of  the  places  thus  found  and  of  the 
intermediate  time,  the  Time  of  the  Equinox  itfelj 
will  be  found.  ^m 

'In  che  performing  this  and  fuch  like  Probl^fflJ 
the  obfervatjons  of  the  Sun  are  to  be  corre^ed, 
('as  always )  by  th&  Parallax  and  the  correfpond- 
ing  Refraiftion,  and  all  other  things  are  to  be 
cautioufly  avoided,  that  may  render  the  calcu- 
lation uncertain  ;  v.  g,  not  two  obfervarions 
made  on  the  fame  fide  of  the  Time  which  is  to 
be  determined  ;  but  rather  two  obfervations^ 
whereof  one  precedes  and  the  other  follows  the 
E^ukiox^  are  to  be  made  choice  of. 

V  Proposition  XL  m 

TO  dtttrmlui  the  Time  of  cither  Solfikc.  ^^| 

Becaufe  the  Tropic  touches  the  Ecliptic  ifl 
the  S(>lfticial  point,  the  i^^^  Figure  will  repre 
fent  the  little  portion  of  the  Tropic  and 
Ecliptic  near  the  SolUice ;  where  T R  is  che  Tro- 
pic; E  C  the  Ecliptic  touching  it  in  che  Solfticial 
point  5;  and  the  liccle  right  lines  Ji,  J/  perpen 
dicular  to  TR^  will  reprefent  the  deviarions  of 
the  points  of  the  Ecliptic  /,  /  from  the  Tropic, 
or  the  changes  of  their  Declinations:  In  which 
cafe,  the  lictls  right  lines  dl^il  are  (by  Tr^^.  2^ 
Book  I,)  as  che  fquares  of  the  Arcs  S  I,  S  I^or  of 
the  right  lines  5//,  SJ,  being  nearly  equal  ro 
them  refpeifHvely.  On  which  accourit  3  fmall 
portion  of  che  Ecliptic  near  the  Solftice  5,  uill 
.not  fenfibly  differ  from  the  Parabola  ESC  ;  that 
is  a  Figure,  vhofe  property  it  is  to  have  J I  eve- 
ry where  as  the  fqudrc  of  the  right  line  Sd  re- 
fpedUvely.  Agaiq,  the  Arcs  ^/,  Si  arc  a$  the 
times  wherein  they  are  defcribed  by  the  Sun: 
For,  ilnce  th^;  Apfides  of  che  Eiliptlc  Otbic,  which 
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N die  Sun  defcribes  as  to  fenfej  continue  ac  this 
l^nie  preccy  near  the  Solfticiai  points^  the  ap- 
parent motion  of  the  San  will  be  equable;  that 
is,  the  arcs  S  I,  S I  will  be  as  the  times  wherein 
they  are  defcribed  From  whence  it  may  be 
fairly  inferred,  that  a  portion  of  the  Ecliptic 
near  the  Solftice  Cfuppofe  that  portion  which  the 
Sun  defcribes  in  about  ten  days,  five  before  and  as 
muny  after  theSolfticc,)doesnoc  at  all  differ  front 
the  Parabola  Sll,  [Fig.  16. J  in  which  the  Abfcif- 
fy's  SPj  SF  are  whacche  Declination  of  the  Snn 
^very  moment  wants  of  the  greateft  Declination; 
confequently  their  differences  P  F,  P  P  are  as 
the  differences  of  their  Declinations  themfclvcsj 
that  is,as  the  intervals  of  the  Altitudes  of  the  Sun 
above  the  Horizon,  (  or  of  the  diftances  of  the 
fame  from  the  Vertex  )  in  the  Meridian  or  any 
other  vertical :  And  the  Ordinates  P/,  ?/  are 
refpeSivcly  as  the  times  wherein  the  Sun  ac- 
quires the  forefaid  Declinations,  and  the  inter\'aJs 
of  the  one  are  as  the  intervals  of  the  other. 

Thefe  things  being  demonftrated,  let  a  Gno- 
mon j^  B  [Hg.  17.]  be  erefted,  whofe  fliadow 
made  by  the  Sun  when  'cis  near  either  of  theSo!- 
flices  and  received  upon  the  Plane  CD  (to 
which  a  right  line  B  H,  conncAing  the  Sun  and 
the  Vertex  of  tha  Gnomon  S,  is  almoft  per- 
pendicular) marks  out  the  point  H:  Some  few 
days  after  (for  inftance,  three  or  four)  oblerve 
again  the  point  where  the  fhadow  of  the  extre- 
mity B  falls,  when  the  Sun  is  upon  the  fame 
Vertical;  and  let  that  be  F:  And  let  the  like 
oblervation  be  repeated  again,  and  the  point  ob- 
fcryed  be  G  ;  Now  from  thefe  three  points  /f,  F,  G 
being  given,  the  time  of  the  Solftice  itfelf  is  to 
be  found.  'Tis  evident  that  the  right  lines  f/F, 
G^  are  the  intervals  of  the  diftances  of  the  Sun 
in  the  fame  Vertical  from  the  Horizon,  or  from* 
D  d  J  the 
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Vertex;  (chat  i$,fcy  what  has  been  (hewn  a- 
hofwc,   the  dtangss  of  the  Deciination.)    For 
FG  H  AocMooiin  the  Icaft  JifFvr  from  an  Arc 
of  a  Circle  dcfcribcd  npon  ;he  Center  B  vi'uh 
dM  diftance  0  G,  becanie  the  Angles  F^^G,  HAG, 
axe^Cfy  fmalL    And  if  inftead  cf  (he  JManc  CD, 
to  wMcii  BCk  pCTpciuiicubr,  the  ifaadow  /hould 
be  taken  upon  my  ocber  Plane  C  £  incfined   (q 
C  D  by  the  angle  DCE,  net  a  Ter>  grear  one ; 
for  inftaoce,  in  che  points  t^f^^g  ^  (he  righc  line» 
bf,  gf  will  haTe  the  (ame  ratio  to  one  another, 
as  H  F,  G  Pj  becaafe  the  right  lines  f  Fj  g  G, 
i  H^  are  alnx»ft  pai«lkl ;  (Ince  they   tnoec  on- 
ly in  the   point  B,  whidi  is  ai  a  diftance  grear 
enoagb  in  rcfpcd  of  the  dittanccs  f  F,  ^G,  iff- 
Thc  Problem  th-srtfore  for  finding   the  Solflice 
.  from  the  Points  F^G,  H  given,  together  with  the 
moments  cf  Time,  wherein  the   Sun,  placed  in 
the  fame  Vertical,  calls  the  (hadow  of  rhe  point 
B  to  them,  is  reduced  to  the  following  Problemj 
which  is  purely  GeoroetricaL 

Tkt  Ji/smrs  AT,  TE,  rFig.i&  J  if  thrtt 
frn'sitl  rigii  lints  A  B,  T  \ ,  £  S,  lying  in  ri« 
fime   TL:m  tein^  givm  ;    U   JifcrHi   rU  TstmMs 

RLM,  ufc/i  y4iis  CVD  ifPsr^M  tc  AB,  TY,  ES, 

that  furs  them  in  the  fciwts  K,  L  ^nJM,fo  as  thar^ 
Jra-wing  rhe  OrJinsUs  to  the  ^xe,  K  H,  L  F,  M  G, 
thi  forrkns  F  G  ^nd  F  H  of  the  smj  imtrttptilrf 
them  J  may  be  e^ual  to  grvtn  right  lines. 

For  by  thismeans,  (if  FG  and  FHzre  equal  to 
FGy  Fff  marked  out  by  the  obfervation  de^ribed 
above,  and  the  ratio  of  JTto  TE  the  fame  with 
the  ratio  of  the  Time  between  the  cbfervaiion 
of  the  points  H  and  F,  to  the  Time  between  chtf 
obfervation  of  the  points  F  and  G)  K  H,  L  F, 
MG  will  reprefent  the  Time$  between  the  ob- 
fervatioiis  ot  the  poincs  H,  F  and  G,  and  tficr 
moment  icfeifof  the  Solftice  j  that  is^as  the  polofi 
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Ay  7;  and  £  reprefencing  the  moments  of  the 
Time  wherein  the  Shadow  of  the  Gnomon  was 
Qbferved  in  the  points  //,  Fy  and  G,  the  point 
C  will  reprcfenc  the  moment  of  the  Solftice  irfelf. 
Call  the  Line  A%  a;  TEy  b;  FH,  c  j  FQ^  d^ 
TCj  X.  Therefore  AC  or  K H  :=i  a  -{-  x,  and 
EC  or  GM  =  b^x.  Call  the  principal  Latm 
return  of  the  Parabola,  r-  Then  from  the  na^ 
cure  of  the  Parabola  x=  ==FF>cr,  and  there- 
fore VF^^.    After  the  like  manner  VH  c= 


4'  +  2iB;e  +* 


and  FG  = 


^     if*  — 2**   +x 


h 


hcrefore  c  =  (FH  =rH—  VF=)       '*'*'"'  j 


and  -/  =  (  FG  =  ^Gr-J!'F=) 


*. 


•it-x- 


And 


getting  away  r,  by  the  help  of  thrfe  two  Eqoa- 

tions;  you  wiU  find = 1^""'  -^"^ 

ordering  the  Equation  ;is  is  ufual,  x  will  bo 
—'^adZibc'^  that  is,  the  fpace  of  rime  between 
the  known  moment  reprefented  by  T,  (namely^ 
when  the  fliadow  of  the  Gnomon  was  ol^ferved 
in  F,)  and  the  moment  of  the  Solflice  fought  ^ 
from  whence  the  time  of  the  Soldice  itfelf  wiO  be 
given.    ^  E,  K 

But  if  the  time  between  the  obfervation  of  the 

Shadow  in  H,  and  the  Solftice  itfelf  be  fought,  add 

'y^Tto  TC  found, and  the  fought  HC  z^^a-^x^) 

* — ,    . ,  ,  ■ ,    After  the  like  manner  will  £  C 

2aa^  2  PC 

be  ?=  ( Z— x= )  — -^rrr — •    But  if  the  or- 

der  of  the  obfcrvations  be  fuch,  as  that  the  obfer- 

ration  of  the  Shadow  of  the  Gnomon  in  f  is  cr- 

■  D  d  4  aair 


laiy  in  the  midJk  betwe^a  the  cbfenraciom  of 

,      thft  fame  in  H  and  G  ;    tbac  is,  if  J  T  e  TE,  or 

s^b,  the  Equation  wtU  be  more  fimpie  ;  tor  che 

the  diftance  of  the  Times  of  the  bolftice  and  oF 

Ifhe  Shadow  obfcrved  in  F  will  be  equal  to  '^^7^17 
the  dittance  o£  the  Solftice  froui  the  cime  of  the 
obferradoti  of  the  Shadow  in  H  equal  to  jj^ 
flod  from  the  moment  of  the  obfervatica  of  die 
Shadow  in  G  equal  to  j^±^;  thatis,  in  the  Fi- 
gure, as  2  FH  +  zEGto  GHOT  4HF — zGFm   I 
GH,  QTzHF  —  GH  to^GH,  fo  is  the  half  of  ] 
the  time  between  the  firft  obfervation  of  the  Sha-   ; 
dow  in  //and  the  laft  obfervation  of  the  fame  in 
G,  to  the  time  between  the  middle  obfervation 
of  the  Shadow  in  F  and  the  moment  of  the  SoW 
ftice\tfelf  foyght. 

The  fagacious  Mr.  EJm.  H^/ie;  firft  found  out 

and  pjiblifhed  thU  method  of  determining  the 

times  of  the  Solftices,    in  the  TbiLfpb.  TnT^faB.%T 

the  beginning  of  the  Year  1695  ;  and  illuftrated 

it  hy  the  cjLatxipleof  twoSolflic^s  determined  by 

this,  from  the  Obfervacions  of  IVdth&r  and  Gaffin- 

Jus  J  where  he  takes  notice  of  feveral  things  well 

worth  obferving  in  the  Pfacftice,  coficernin^  th^ 

fi^uacion   and  advantageous  form  of   the  Gno- 

mon,    and  concerning  the  accurate  obfervadon 

of  ;he  Shadow^  and  other  things. 

Pkoposittow  Xll. 
r  |"no  Jefne  the  qufintlty  of  the  Trufkal  Tear* 

Since  the  Tropical  Year  is  that  fpace  of  time 
wherein  die  fame  Seafons  of  the  Year  return  a- 
gain  ;  that  is,  wherein  the  Sun  departing  from,a- 
iiy  poiqt  of  the  Ecliptic  (for  inftaflce  tha^  wheriB* 


^ 


^ 
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uches  the  Tropic)  returns  to  ic  again;  'lis 
W  that  its  quandty  will  be  determined,  if 
»un  be  twice  obferved  in  the  fame  point  of 
xlipric,  (for  inftance,  twice. in  the  fame  E- 
ox,  by  Pnf.  10,  or  in  the  fl^nie  Solftice,  by  the 
,).ana  the  intermediate  time  be  divicjed  by  the 
ber  of  revolutions  of  the  Earth  abcmr  the 

made  in  the  mean  time.  If  there  be  any 
r  in  de;ermining  the  moment  of  theEquuiox 
olftice,  that  it  may  not  difordcr  the  meafure 
he  Tropical  Year,  'tis  proper  to  make  ufe  of 
.  Equinoxes  or  Solftices  as  are  at  the  grcatcft 
inces  from  one  another,  fa  that  the  error  di- 
d  into  fo  many  parts  (by  the  divifion  made  by 
•eat  number   of  intervening  .Revolutions  ) 

become  infenfible. 

ut  becaufc  the  Times  of  ihe  Solftices  feem'4 
cult  to  the  Ancients  to  be  difcemed,  as  Vtolg' 
limfelf  fays,  who  therefore  paffed  over  the 
Wees  of  Mer  on  And  EuBitnon  sind  Arijhrck$ts  him* 
;  which  alfo  feem'J  fo  true  to  the  Moderns, 
:Riccwlus  afferted  that  Vtokmy  was  too  confident 
iOping  that  neither  himfelf  nor  Jrchlmedts  had 
:d  fo  much  as  a  quarter  of  a  day  in  their  obfer-» 
ion  or  computation  in  the  Solftiriab;  and 
;e///w,  Cbiif.  4,  Vrod,  Afiron.  fays,  Thar  tbt  Saljfi^ 

tbo  they  he  obferved  by  the  hejt  and  great cfi  Inftru-^ 
its  J  and  €vm  the  7mft  exfiritnced  Obferver^  can  ne~ 

be  determined  In  their  f?na!lej^  parts :  Aftronomers 
^e  made  ufc  of  the  Obfervations  of  the  Equi- 
ces,  whofe  moments  they  thought  more  accu- 
ely  determinable,  on  the  account  of  the  vaft 
i  fpnfible  change  of  the  Declination  of  the  Sun 
3ut  the  times  of  the  Solftices.  Bur,  by  tl% 
Ip  of  the  preceding  Method,  the  times  of  the 
Iftices  themfelves  may  hereafter  be  detcrmine<l, 
ieaft  as  accurately  as  thofe  of  the  Equinoxes. 

Where. 
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Whereas  the  Sun  feems  to  move  fometi 
flower  and  fomctimes  fwifter,  (according  ro 
different  velocity  of  the  Earth  about  the  Sun, 
inftead  of  that,  it  be  imagined  to  move  eqoab 
fo  as  to  dcfcribe  the  Ecliptic  in  the  time  det 
mined  by  this  PropofitioDi  fuch  a  motion  is  t 
fitly  called  its  Mean  Motion,  (being  really  fucf 
one  between  the  fwifteft  and  flowed,)  and 
place  the  Sun  is  chus  in,  is  called  its  MtanPlatu 


X 


Proposition  XIIL 

O  determine  the  quantity  of  the  SjfJereal  >3w. 


ly  comparing  the  place  in  the  £cijpfic  a  Fix'i 

Star  was  formerly  in,  with  its  pre(cat  place,  fin 

the  Annual  precefliod  of  the  Equ\nox ;  that  i 

how  much  each  point  of  the  Ecliptic  recede 

from  a  given  Fix'd  Star  towards  the  Weft  in  ih 

fpace  of  one  Year,    which  was  done  in  B^ok  j 

Vrtyp.  II :  And  by  the  preceding  Propo/ition  do 

ternnne  the  fpacc  of  Time  requifite  for  the  Su 

to  defcribe  an  arc  of  the  EcJiptic  equal  to  the  Pre 

ceifion  thus  found.     This  therefore  added  to  thi 

quantity  of  the  Tropical  Year,  gives  the  quants 

ty  of  the  Sydereal  Year,  which  con/i/ls  of  tb 

Tropical  Year,  wherein  the  Sun  departing  from 

a  point  of  the  Ecliptic  returns  to  the  fame,  that 

has  in  the  mean  while  moved  a  little  way  forwardi 

to  meet  it,  and  of  that  befides  wherein  the  San 

defcribes  that  arc  thro'  which  the  faid  point  of 

the  Ecliptic  moved  to  meet  the  Sun  ;    thai  is, 

wherein  the  Sun  departing  from  an  immovable 

point  ('for  inftance,  a  Fix  d  Scar)  feems  to  rcram 

^in  to  it. 


Pjto- 
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Proposition  XIV- 

Tree  places  of  the  Sun,  determined  i/ Prop.  20. 
B.  2.  f.W  the  Periodic  Time  of  the  Earthy  which 
nearly  e^aJ  t9  the  Sydmal  Tear,  determined  by 
d.  Prop,  being  giverty  to  find  the  Species  of  the 
f  the  Earthy  thu  Situation  of  the  line  of  the 
.  and  the  Time  "when  the  Earth  w  in  the  Apht^ 

The  methods  laid  down  in  Trof,  9.  for  finding 
he  Specks  and  Pofuion  of  the  Orbit  of  the  Earth, 
require  fuch  accurate  obfervations  that  they  are 
lardiy  fit  to  be  put  in  prafticc:  We  fhall  therefore 
idd  rhe  following  one  better  fitted  for  Ailronomic 
ifts-  Let  there  be  given  three  Places  of  the  Sun 
\y  ohfcrvacion,  namely  when  the  Earth  is  in  the 
hree  points  /f^C^Dof  itsOrbi:[F/g.i9.]  Therefore 
he  three  lines  SBy  5C,  SO  are  had  by  pofition, 
>r  the  three  angles  BSCy  CSD,  BSD.  And  the 
?criod  of  the  Earth  being  given,  together  with 
he  Times  between  the  obfervacions,  the  racios 
jctween  the  whole  area  of  the  Ellipfe  ACF B 
md  its  parts  BCSy  CDS  and  BDS  are  alfo  given. 
The  Problem  therefore  is  reduced  to  this,  to  de* 
bribe  fuch  an  Etiipfc  upon  a  given  Focus  5,  as 
hat  its  whole  area  fhould  be  to  its  parts  contained 
inder  the  right  lines  given  by  polirion,  SBy  SC, 
PD,  and  the  Curve  of  the  BUipfe,  in  given  ra- 
ios. 

•  Let  AT  then  be  the  Orbit  of  the  Earth,  S  and 
Fits  Foci,  ^its  Aphelion,  P  its  Perihelion,  On 
:he  Center  S  imagine  a  Circle  defcribed  by  a  ra- 
Bus  equal  to  the  greater  Axe,  the  Circumfe- 
rence whereof  cutting  the  right  lines  5 B,  SC^ 
SD  produced  in  R,  Zand  r.  Join  the  right 
lines  Fj&,  FCy  FD,  FRy  F2,  FT;  and  produce 
Une  of  them  Z  F,  untill  it  meet  the  Circumfe- 
rence again  in  G;  and  join  -RG,  G?",  TZ,  ZR, 

If 
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If  ACDTB  be  the  tme  Orfoic  of  the  Elfl 
chcn  I  by  Trtf.  f.)  rhc  Angles  BFC,  CFD,  J5  f^ 
will  be  refpedirely  ro  fbor  right  angles  nearhyl 
che  Times  between  the  obfenrarions  to  the  Pm[ 
die  Time:  And  on  the  conaarj,  if  the  (aid  ra® 
hold  in  thefe  angles,  v^C DP B  u  the  Orbit  of  d)C 
f  arrh  fought.  M-liat  remains  therefore  to  be  dca 
b,  CO  find  the  Pofition  of  the  right  line  SFfx 
A  ?y  and  the  Species  of  the  Ellipfe,  by  havlog 
given,  befides  the  angles  BSCy  CSD  and  £r^i), 
the  ratios  alfo  of  the  anglesBFC,  CFD  and  5fi) 
CO  four  right  angles. 

Since  there  are  given  the  angles  WZ,  ZSTy  RST, 
namely  the  obferved  differences  oiihc  Z  ong^icudes, 
and  the  angles  ^FC,  Q¥D^  BFD,  namely  the  Afcaa 
motions  of  the  Earth  almoft  for  the  fpiaces  of 
the  times  between  the  Obfcrvation^  \  cherefore 
there  are  alfo  given  RFZ,  ZF1\  RFY  \x\riv- 
nictical  Proportionals  between  BFC  and  RSZ, 
CFD  and  ZST,  BFD  and  RST  rerpe<ffively. 
i'or  fmce  SR  is  equal  to  ^P^  by  conftruCtionj  and 
the  fum  of  the  right  lines  5  5  and  BF  equal  to 
the  fame,  (by  I'rap,  y2.fi.  ^.oftheComrtcfKyoWo 
nius)  B  R  and  B  F  will  be  equal ;  and  after  the 
hke  nwnncr  may  C2,  CF,  as  alfo  the  right  lines 
DT,  D  F,  be  fhewn  to  be  equal.  Confequendv 
BRFsi^dBFR,  CZF  and  CF2,  D  2^  F  and 
DFT  will  be  eqi^l.  But  the  angle  B  FC  ^ 
RFZ  -^  BFR  JfCFZ'^  and  RFZ  =  R5Z  + 
BRF  -^  CZF,  Since  therefore  BFC  exceeds 
RFZ  as  much  as  that  does  the  angle  RSZ;  'tii 
plain  tliat  cliefe  are  Arichmetically  proportional. 
After  the  fame  manner  are  CFD^  Z  F  )\  Z  SY\ 
alfo  rhc  angles /^FO,  RF2%  ^srare  Arithmeticaliy 
proportional.  Bcfidcs,  in  the  Triangle  J  FG  all 
the  Angles  are  given  j  namely  TFq  equafto  che  com- 
plement of  the  angle  TFZ,  to  two  right  angles  a 
mean    Proportional  between  CFD  and    CSDt 

which 


:h  arc  known,    and  TQP  half  the  obfcrved 
Tgle  ZST\  And  therefore  fuppoflng  y F  to  be 
pf  any  number  of  parts  whatever,  FG  will  be 
^ven  in  chofe  parts.     In  the  Triangle  R  FG 
n  the  angles  being  given,  ("namel)'  RFG  the 
:omplemencofZF/i  to  two  light,  and  FGR  half 
he  an^lc  25/2)  and  the  fide  R?,  Fi?  will  be  given. 
"'.nd  in  the  Triangle  TFR  there   being  given 
r  and  FRy  and  the  angle  TFR^  fbecaufe  a 
lean  Arithmetic  proportional   between    BFD 
nd  BSD,)  TR  will  be  given  and  the  angles 
RT,  FTR.  Then,  in  the Ifofccles Triangle  r 52? 
II  the  angles  are  given  (becaufe  TSR  at  the 
irertex  of  the  Triangle  is  given)  and  TR,  there- 
Ibfe  TS  alfo  will  be  given.     I-aftly,  in  the  Tri- 
angle  Frs  the  angle  FTS  is  given  (the  dif- 
ference between  the  known  ones  RTS,  RTF) 
krtd  the  fides  Fr,  TS;  therefore  the  angle  TSf" 
and  fide  S  F  will  he  found.     But  the  Pofuion  cf 
the  right  line  TS  is  given,  namely  the  Place  of 
the  Sun  in  the  third  Obfervation,  when  the  Earth 
was  in  Dj  therefore  the  Pofition  of  the  line  of 
the  Apfides  JF  will  be  given,  becaufe  inclined 
in  a  known  angle  TSF  to  TS  given  by  pofition. 
But  in  the  fame  parts,  in  which  rs  is  expreflcd, 
the  right  line  SF  \s  found;  therefore  the  ratio 
between  r  S  or  what    is  equal  to  it  ^  P   the 
greater  Axe  of  the  Orbit,  and  5/"  the  difiance  of 
the  Foci  is  given ;  that  is,  the  Species  of  the  Orbir, 
Nor  can  any  thing  elfebe  determined  by  the  Ob- 
fervations :  For  every  Elliptic  Orbit  fimilar  to 
^ACD^,  defcribed  upon  the  Focus  S,  whofe  great- 
er Axe  is  the  fame  in  pofition  with  the  right  line 
SFy  willfatisfy  the  Obfervations  propofed. 

In  the  Triangle  D  FS,  the  fide  S  F,  the  angle 
D.S'F,  and  the  angle  SDF,  the  double  of  6' r/' 
lately  found,  being  given  \  DFS  \s  found,  and 
consequently  DFA  contiguous  to  it.     But  the 

Time 
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Time  which  is  to  the  whole  Periodic  Time  as  ihe 
angle  D  FA  to  four  right,  is  that  which  happcm 
becween  the  moment  of  the  obfervauon  in  D, 
and  the  moment  that  the  Earth  is  in  its  Atphc^Uoa: 
this  therefore  becomes  known. 

The  method  of  determining  the  Species  of  the 
Orbit,  and  the  Pofition  of  the  Line  of  the  ApCdes 
here  delivered,  agree?  as  well  to  any  other  PUnot 
revolving  about  the  Sun  as  to  the  Earth,  provi- 
ded there  are  but  three  Obfervations,as  much  w 
the  purpofe  in  this  other  Planet,  as  thoie  tlucc 
ufed  about  the  Earth. 

Proposition  XV. 

TO  correii  at  fleafure  the  Pofitlm  <frie  Une  cftht 
Affiiei^  and  (he  Species  of  the  Orbit  dttcrmintl 
ahove. 

Let  the  Pofition  of  the  line  of  the  \pfidcs  and 
the  Species  of  the  Orbit  found  by  the  foregoing, 
be  taken  for  true  and  accurate,  [for  they  do  not 
differ  much  from  thence  by  Prap.  y .  )  from  them 
and  the  Periodic  time  and  the  times  between  the 
obfervations  being  given,  find  the  angles  corrcd^ 
ed  at  Fy  agreeable  to  the  times  of  the  obCervati^ 
ons  made  in  the  points  B,  C  and  D  ;  and  if  yot 
Will  ufe  only  the  firft  corre<5kton  (namely  Butli- 
aUi4s\y)  this  may  be  done  by  ?rcf.  7  ;  and  yon 
may  go  to  what  exadnefs  you  ple«»fe  by  Prof,  4. 
By  the  help  of  theft-  angles  thus  correded,  inflead 
of  the  former,  rhatare  fimply  proportional  tothc 
times;  that  is,  in  the  language  of  Aftronomcrs, 
by  the  help  of  the  angles  of  the  mean  Anomaly 
thus  iqir^ted,  inftead  of  the  angles  of  the  mean 
fimplo  Anomaly  made  ufe  of  before,  lee  the  cal- 
culation of  the  former  Propofuion  be  repeated, 
and  let  the  Pofition  of  the  Line  of  theApfidcs  and 
the  Species  of  rhe  Orbit  be  found,  and  they  will 
be  more  accurate. 

COROL' 
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From  whence  the  Motion  of  the  Apfides  of  the 
Orbic  of  the  Earth  may  be  determined  :  Namely 
by  comparing  of  the  Place  of  the  Aphelion  ac 
prcfcnc  with  its  Place  feme  Years  ago,  Cboth 
which  are  found  by  Trof.  14,  and  corrcded  by 
Trop.  If,)  and  by  dividing  the  arc  made  in  the 
mean  while  by  the  faid  Aphelion  by  number  of 
the  Intervening  Years,  the  Annual  Motion  of  the 
Aphelion  will  come  forth,  which  alfo  will  be  ex- 
tended to  parts  of  a  Year. 

Proposition  XVI. 

TO  find  tie  Place  of  the  Earth  feenfram  the  Sun, 
and  its  Diliance  from  the  Sun  at  any  given  Time. 
Thefpecicsof  the  Orbic  of  the  Earth,  and  the 
place  of  the  Aphelion  for  any  known  time  being 
defined  by  the  two  laft  Proporitions,find  the  place 
of  the  Aphelion  for  the  time  given  :  And  if  it  be 
fince  the  time  to  which  the  place  of  the  AphcH* 
on  was  determined,  add  the  motion  of  the  Ap- 
fides  made  in  the  mean  while,  and  defined  by  the 
Corollary  of  the  preced.  Trof.  to  the  place  of  the 
Aphelion  determined  before,  or  let  it  befubtraft- 
cd,  if  the  time  given  be  before  ;  and  you'  will 
have  the  Place  of  the  Aphelion  for  the  given  time- 
Then  let  the  lime  when  the  Earth  once  was  in 
the  Aphelion  be  determined  (by  Vro^.  14,)  and 
fmce  by  the  ij^i*  the  Periodic  time  of  the  Earth 
may  be  known  ;  from  thence  alfo  will  be  known 
the  time  when  the  Earth  was  in  its  Aphelion  next 
before  the  Time  propofed,  and  conlequently  the 
ratio  between  the  Periodic  time  of  the  Earth  and 
the  time  elapfed  fince  thelafl  Aphelion  is  known  ; 
that  is,  in  the  Figure  ^Z,P  (Fig.i.)  reprefenting  the 
Orbit  of  the  Earth,ihe  ratio  of  theintireElliprero 
the  area  ALS  :  And  confequently  (hy  Prop,  5,4,  6 
and  7.)  the  angle  JSL  will  become  known 

And 


fiiicc  the  poAkm  of  the  right  line  vf  S  is 
,  cbcpofidan  of  the  right  line  S  L  will^l- 
bekmwn;  dntis,  the  Place  of  the  Earth  fecc 
from  the  Son-  BdiiSes,  by  the  Propofitions  aboTe 
deed]  the  ratio  of  rbc  righc  line  LS  to  thi  right 
Kae  ^P  becotoes  kxuiwti  ^  tbit  is,  the  Di{lance of 
tte  £anh  tiom  the  S«at  m  the  parts  of  the  greata 

PtO?0«ITlOH  XVIL 

TO  exfidimt^  imf^jkaliry  oftkt  nurural  Dap,  out 

Since   it  h  thel  ^  of  an  Aftronomer  to 

Ihew  the  motion  of  rm        ?,  and  this  is  perform- 
ed in  Tim*;,  and  can't  be  ■  :onceivcd  without  k ; 
and  fince  the  moft  fenfible  part  of  Time  h  a  na- 
tural Day,  by  the  repetition  of  which  a  Year,  and 
by  the  divifion  of  which  an  Hour  and  the  parts 
of  fli)  [lour  are  made;  and  fince  in  computing 
their  motions,  all  days  ought  to  be  fuppoftd  e- 
qual ;  as  fiir  asthis  fuppofition  is  from  truch^  fo  far 
even  the  Cekftia!  motions  taken  oat  of  the  Tables 
will  difagree  wlh  the  Pha^nomenaj  if  no  accotinc 
of  this  inequality  be  taken.     Tounderftand  this^ 
let  it  be  obferved,  that  a  Natural  day  is  that  fpacc 
ot  timCj  that  irten'^enes  between  the  Sun's  lea- 
ving a  given  Meridian  in  the  Heavens  ahd  re^ 
turning  to  it  again  ;  that  is>  the  fpace  wherein  a 
revoluiion  of  the  whole  Celeftial  Equator  is  pcN 
formed,  and  over  and  above,  of  that  part  ofiti 
that  anfwers  to  fuch  a  portion  of  the  Ecliptic,  as 
the  Sun  defcribes  in  the  mean  while  by  its  AmvBal 
nK)tion  towards  the  Eaft.    But  becaufe  thit  por^  j 
tion  of  the  Equator,  added  to  the  whole  Equator, ' 
is  not  eveiy  where  equal,  as  wdl  on  the  account 
of  the  Obliquity  of  the  Ecliptic,  as  that  the  ap- 
parentAnnufil  motion  of  rhe  Sun  about  the  Earth 
is  not  equable ;  neither  will  thefe  Naturat  days ; 
be  equal :  And  would  therefore  then  be  eqtial>  if  ' 

the 
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lie  Sun  feenfrpm  the  Earth  ia  tc$  Annual  motiotii 
aored  bocU  equably  and  m  .cb^i  Equator ;  andi- 
:is  evident  in  thU  cafe,  afttjr  that  th«  whole  £* 
laacor  has  paiTcU  cJie  Meridian^  fh&re  rcmainsi 
hat  portion  i[tiU  cq  pafs,  whicti  ^^^.;Sun  inthi^. 
pMsan  while  .WOUI4  dc(cribe  by  its  Annual  motion 
owards  the  .Eaft,  .which  portion' would  alvvay^' 
e  equal  taitfelf,  fmce  we  this  motjan, 

D  be  eqi:'^^'  '    :md  therefore  icTime  mea^ 

tiring  ci  ^,e  by  the  Ni  of  the  wholot 

ilquator  aqd  thi/s  additionaJ  parr,  w<)«ld  be- 8l«^ 
i^ays'equal  to  itfelf.    Let  us  therefvrc?  fuppofe  *4 
iqther  Sun,  a*  vyas  Taid  belore,  moving  in  the 
Equator,  and  comequently  mealUiiijg  ; he  equal' 
fr  mean  Time  :  Tis  evident  ihac  the  diifireoc^ 
>f  the  Time,  between  the  appulfc.  ,t)f  the  true  and 
raaginary  San   to  the  Meridian,  or  any  other 
Jour  Circle,  is  that  which  mak^s^che  mean  Noon 
»f  the  apparent  Noon,  and  the  apparent  of  the 
iie^n  ;-that  is,  the  Ee^uarion  of  Time'nk\L    And 
ecaufethe  true  Sun  and  thut  point  of  the  Equa* 
Df,  where  its, Right  afcenfion  ends,  arrive  at  the 
/leridian  together*  and  the  Equation  of  Time 
;  that  fpace  of  Time,  that  flows  while  the  Arc  of 
le  Equator  contained  between  the^excreme  point 
f  the  Right  afcenfion  of  the  trueSun  ami  the  place 
F  the  imaginary   Sun,  paiTes  the  Meridian;  if 
lis  Arc  be  converted  into  time,  you  will  have 
le  Equation  of  time  fought.  Befides,the  place  of 
ic  imaginary  Sun  is  as  far  diftant  in  the  Equator 
ora  the  point  of  the  Vernal  Equinox,as  the  mean 
lace  of  the   Sun  in  the  Ecliptic  is    from  the 
me :  And  therefore  the  forefaid  arc  of  the  Equa- 
>r,  the  mcafure  of  the  Equation  of  the  time,  is 
5ual  to  tlie  difference  between  the  Right  afcen- 
OT  of  the  true  Sun  and  the  diftance  of  the  mean 
;e  of  the  Sun  from  the  Vernal  Equinox.    But 
commonly  known,  that  the  difference  of  any 
£  9  two 


^ 


\%       Ti^^  EtXMENTs      Book 


cWo  Quantities  A  and  B  ij  equal  to  thcdiflferew 
between  A  and  any  aflumed  quantity  Xj   and 
the  difference  between  this   X  and  B  togechei 
Affuming  therefore  a  third  arc,  namely  the 
(lance  of  the  true  place  of  the  Sun  from  the  V< 
oal  Equinox,  the  Arc  meafuring  d\e  Equation 
Time  will  be  the  fum  of  the  two  arcs,  oi 
which  is  the  difference  between  the  Right 
flon  of  the  Sun  and  it$  true  place  in  the  Kc] 
the  other  the  difference  between  the  croe 
mean  motion  of  the  Son.    But  fomettmej  it 
pens,  that  the  difference  of  the  two  Quantii 
equal  to  the  fum  of  them  taken  frr-^v 
when  the  one  is  negative  and  the 
Therefore  anArctobe  converted  incol 
duce  the  Equation  of  Time,  is  alwav; 
difference  of  two  arcs,  one  of  which  i 
rence  of  the  true  Motion  of  the  Sun  ai. 
afcenfion,  and  the  other  is  the  diffcr^iic^ 
true  and  mean  Motion  of  the  San, 

But  becaufe  this  Arc  confifts  of  two  prirrs^  w( 
will  confider  them  feparately.    And  ftrft  Jcc  i 
abftrad  from  the  unequal  motion  of  the  San  ui 
der  the  Ecliptic ;  that  is,  let  lis  confid : 
while  as  equal ;  and  therefore  the  ma;iv>..  -;  i 
imaginary  Sun  in  the  Equator  will  be  equal  it 
the  motion  of  the  true  Sun  in  the  Eclir 
the  true  and  imaginary  Sun   will  be  equ 
ftant  from  both  Equinoxes.    And  becauf.: 
firft  Quadrant  of  the  Ecliptic,  or  from  the 
ning  of  Y  to  the  beginning  of  s,  the  di: 
the  Sun  from  the  beginning  of  V  is  greater 
its  Right  Afcenfion;  the  imaginary  Sun 
farther  diftant  from  the  beginning  ofVtov 
Eaft,  than  is  the  Right  Alcenfion  of  the  tn^ 
and  therefore  the  true  Sun  arrives  at  the  _. 
dian  fooner  than  the  imaginary,  becaufe  raoi 
the  Weft;  that  is,  the  apparent  time  prccctel 
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die  mean  :  hereupon  when  the  Sun  is  in  the  firft 

Quadrant  of  the  Ecliptic^  chat  part  of  the  £qua« 

[tion  of  Time,  which  is  the  difference  of  the  true 

[Motion  of  the  Sun  and  its  Right  Afcenrion,turn'd 

{into  Time  is  to  be  fubtraded  from  the  apparent, 

lid  make  the  mean  or  equable  Time.     But  when 

(the  Sun  is  in  the  fecond  Quadrant  of  the  Eclip- 

jtic^  its  Right  Afcenfion  is  greater  than  the  di-% 

^ance  of  the  Sun  from  the  begirming  of  Y,{  be- 

caufe  the  complement  of  the  Right  Afcenfion 

to  a  Semicircle  is  lc&  than  the  diilancc  of  the 

Sun  from  the  beginningof  :^; )  and  therefore 

?he  imaginary  Sun  (which,  by   fuppontion,  is  as 

ht  diftant  in  the  Equator  from  the  beginning  of 

V",  as  the  true  Sun  in  the  Ecliptic  is  dillant  from 

he  fame)  is  left  diflant  from   the  beginning  of 

V*  than  the  true  Sunj  and  confequcntly   arrives 

tthe  Meridian  fooner,   and  therefore  the  mean 

4oon  precedes  the  apparent ;  that  is,  the  mean 

rime  reckons  12  Hours,  when  the  apparent  docs 

lOt  yet  reckon  fo  many,  tho'  it  be  the  fame  mo- 

icnt,  but  differently  called.    And  therefore  in 

lis  cafe,  when  the  Sun  is  in  the  fecond  Quadrant 

fthe  Ecliptic,  this  part  of  the  Equation  of  Time 

arhicli  arifes  from  the  obliquity  of  the  Way  of 

le  Sun  to  the  Equator,  and  is  the  difference  be- 

veen  the  Sun's  motion  and  its  Right  Afcentioa 

^ned  into  Time)  is  tobe  added  to  the  apparent^ 

Biake  the  mean  time,  or  to  be  fubtraAed  from 

le  mean  to  make  the  apparent.    But  if  the  Sun 

in  the  third  Quadrant  of  the  Ecliptic,  the  fame 

be  -done  as  if  it  were  in  the  firft ;  for  here 

iflance  of  the  Sun  from  the  beginning  of  Y 

eater  than  its  Right  Afcenfion,  as  in  the  firft : 

the  Sun  being  in  the  fourth  Quarter,  the 

e  holds  as  to  this  part  of  the  Equation  of 

line  as  if  it  were  in  the  fecond,  and  for  the  fame 

as. 
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Let  US  next  confiJerthc  Inequalicy  of  natm 
Daysarillng  from  the  unequal  motion  of  the 
in  the  Ecliptic,  or  the  Equarion  of  time  aH 
from  thence,  hyifig  afide  a  little  -> 
quiry  ofthe  Ecliptic:  chat  is,  conii 
9ti  nlovcd  af  er  the  like  manner, 
fame  iclerity  in  t\\c  Equator  as  it 

to  piove  ift  rhs  Ecliptic,  and  chat 

rhe  true  arid  imaginary,  Jefc  the  ApopA:um  toj 

getHtT.   And  fince.ihe  im.ij^mary  r 

the  mean  Motion,  it  ntuft  go  befc 

while  it  goes  forward  from  the  A*  i  to  thi 

Pcrigarum;  that  is,  tTic  hnagii  - 

the  Eaft  than  the  true  one-  1 1 

fpre'iRjtHves  at  the  Meric^ian  fooncr;  thcrcfoi 

the  apparent   Nbon  picc   '      ^- -:  —-".     Atn 

the  difference  between  rlu  ;  ;ac  anc(| 

imaginary  Sun,  or'  between  the  :  1  rfte; 

Motion  of  the  SUn,  converted  inr 

Equation  of  the  time  arifXig  from 

<Jr  the  Sun*s  motion:  This  Equation  therefore, 

white  the  Sun  goes  from  the  Apoga-um  rr ^ 

the  Pcri^um,or  (in  the  language  of  an  A  ^ 
men)  ijgi'  tlie  fix  firft  Signs  ofthe  Anomaly,  is  ti 
be  Uibtra^aed  from^  the  apparent  Time  to  prod 
the  mean,  or  added  to' the  mean  to  produce' 
apparent  out  of  ir.    In  the   Perigxum  the  mJ!] 
Sun  overtakes  the  imaginary,  and  ffop^  '^r-- 
tfieApogxum  is  more  tothcEaft:  ^: 
nary  one  therefore  in  all  this  time,  ha 
fix  faft  Signs  of  the  Anomaly,  arrirci ...  , 
ridian  fooner,-  that  is,  the  mean  Noon   : 
the  apparent  Noon,  by  as  much  as  : 
iween  the  imaginary  and  true  Sun  fpc 
fing  by  the  Meridian  ^  that  is,  as  mu 
aire,  namely  the   difference  fcccvvcei^ 
and  true  morion  of  the  Sun  converred 
makes.    This  part  of  jlip  Equation  of 

/on 
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in.  rhe  prefenc  cafe  is  to  be  added  to  thcap-« 

It  time  to  make  the  mean,  or  to  be  fubtra- 

from  the  mean  co  make  the  apparent.         ^j 

MAnd  when  both  thefc  caufes  of  the  Equation  of 
imehoId,(«6  they  really  do)  both  thefe  things»ar^' 
be  done ;  that  15,  to  equate  the  Time  you  muft 
confider  the  Son  two  ways,  'c/;a^  both  in  what 
Quadrant  of  the  Ecliptic  it  is  in,  that  one  part 
of  the  Equation  may  be  added  to  or  fubtraded 
from  the  appaienr,  us  was  Ciid  before;  and  jn 
what  Semicircle  of  Anomaly,  that  the  part  de- 
pending upon  that,  may  be  added  or  fubccaifted 
according  as  the  nature  of  it  requires.  And  oq 
this  account  it  is,  that  the  Equation  of  natural 
Days  f  whlcli,  from  what  has  been  faid  above,  ab- 
folutely  fpeaking,  is  the  Difference  of  the  mean 
place  and  the  right  Afccnfion  of  the  Sun'S  true 
place  turned  into  time)  is  made  up  of  two  parts. 
And  becaufe  the  vernal  Equinox  and  Apogarum 
of  the  Sun,  the  heads  or  beginnings  of  thefe 
parts,  don't  always  keep  the  fame  poficion  to  one 
another,  buc  the  former  being  carried  towards 
the  VVeft  leaves  the  latter,  fas  was  fhewn  in  B,i.) 
comes  to  pafs,  that  the  ("abfolute  and  only)  Equa- 
tion of  Time  made  up  of  thefc  is  not  perpetual, 
butufelefs  in  a  few  Years,  the  Sun  pot  poflefling 
the  fame  degree  of  the  Anomaly,  or  the  fame  li- 
cnation  in  refped  of  the  Apfides,  when  it  returns 
to  the  fame  point  of  the  Ecliptic. 

Ttokmy  exprefly  demonflxaces  the  above  men* 
tion'd  Equation  of  Time,  Cbaf.  10.  B-  %.  of  Great 
p/7w/?rtt^/,notwichftanding  rendelim  and  others  have 
faid  that  ic  is  all  ufclels,  and  ufe  the  apparent  and 
mean  Time  promifcuoufly.  Ktfhr  on  the  contrary 
fcfpefled  a  third  caufe  of  equating  the  time,arifing 
Km  the  diurnal  Motion  of  the  Earth's  not  beirig 
imirely  equable,  but  fomerimcs  quicker  fometimes 

K;ordiiig  as  ic  is  more  or  lef&  diftanc 
^       E  c  ;  from 
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-*om  t^c  Sun,  the  original  of  its  motion  ;  and 
;  calls  the  part  of  the  E.quaiion  depending \ipon  itj 

I  the  Phyfical  Part,  leaving  'he  name  of  che  L-—— 
\grative  to  the  other  defcribcd  above,  wh 
made  up  of  two  parts.    Tjchozlio  h«  j  j^ifp^^oo 
of  the  acceleration  or  retardador     -  '^     ""r?  >' 

rion,  and  was  for  ^uMancing  ch  i 

Equation  depen  ,  on  the  Sun'*  Anomaly,  by 

means  of  it  j  foi  he  only  made  ufc  of  the  o 
arifing  from  the  Obliquity  of  thetciipcic,  wj 
hecallsthcEiw;;^,  becaufeit  woaVl  iufficc 
the  finding  by  Calcubtion  the  EcUp'^'  ^  haJob- 
ferved.  But  Street  thought  this  In.  .  ■  of  the 
Firft  Motion,  to  be  futficient  for  the  nr-iking  aJp 
of  the  part  negleded  by  T)cfjo^  under  a  contrary 
Title,  as  he  has  put  it  in  hUjllronomiaC^rcliBj 

Proposition  XVIII, 

TO  corre^  the  Vlact  of  the  Sun,  ftcn  frm  iht  Earth 
found  bjVvo^t.  i^. 
If  the  given  Time  is  the  mean,  thePbcefbaii^ 
needs  no  corredion  ;  (or  it  is  hitherto  the  true 
But  if  otherwife,  lee  the  apparent  given  Time  " 
converted  into  the  mean  (by  the  preced.  ?r^  '  b^ 
taking  the  Place  of  the  Sun  found  above,  Prof^,  16* 
as  accurate :  (For  that  Place  of  the  Sun  is  rcall 
accurate  enough  for  the  determining  theEquatjo; 
of  Time,  fmce  it  continues  very  nearly  the  ftmc 
whether  the  Place  of  the  Sun  be  that  which  ' 
found  above,  orthclrueand  raoft  corretf*--  >  %^ 
to  this  mean,  again  (by  the  fiid  i6**»  Prop.) 
Sun's  place,  and  the  place  thus  found  will  be  ct 
correft  and  accurate  one.    For  the  mean 
only  is  fie  for  Aftronomic  ufes,  on  which  ac 
it  is  caird  the  Aftronomjc  Tlmu  ;    this  tha 
ftould  be  made  ufe  of:  But  10  determine  tW 
mean  when  the  apparent  is  given,  the  Sun's  plai 
k  Dcccffary  j  that  therefore  was  firft  to  bcfotu« 
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by  ufing  the  apparent  Timc^as  if  it  were  the  mean» 
to  find  the  Equation  of  the  Time.  But  this  once 
Ibund,  and  the  apparent  Time  reduced  to  the  A- 
■ftronomic,  feek  tor  thac  Time  (which  is 'the  fame 

Kth  the  moment  propofed,  but  expreff^  by  a 
mber  fitted  for  an  entrance  into  the  Tables)  the 
Sun's  place  (by  the  fame  Prop,  i6J  and  the  pi- 
ttance of  the  Earth  from  the  Sun,  which  is  evi- 
dently the  true  and  corred  one. 

The  converfe  of  this  Problem  may  be  con- 
ftruded  much  after  the  fame  manner,  and  the 
Time  may  by  found,  when  the  Sun  feen  from  the 
Earth  will  be  in  a  given  Place. 


^ont 


k 


Section  III. 


Ceming  the  determining  the  Orbits  of  thc^ 
jrcft  of  the  Primary  Planets,  and  compofing^ 
the  Theory  of  them  feen  both  from  the 
Sun  and  the  Earth. 


RPROPOStTION  XIX. 
10  Jettrmine  bj  ohfervatkn  tbeToJinm  cf  tht 
Line  cf  tht  No  Jes  of  a  Planetary  Or iif,  and  tie 
ancecf  thePlamt  itfelff  when  in  the  Node,  from  tbi 
Sun.      iFig.xoJ] 

In  the  two  Figures  fitted  to  the  two  cafes  of  a 
fupcrior  and  an  inferior  Planet,  let  S  reprefenc 
the  Sun ;  Tt  the  Orbit  of  the  Earth,  whofe  Fo- 
cus US;  Nn  the  Line  of  the  Nodes  of  the  Planet 
propofed.  And  firft  let  the  Earth  be  in  T, 
and  from  thence  let  the  Planet  be  obferved  when 
in  the  Ecliptic,  and  therefore  in  its  Node,  fup- 
pofc  P:  For  the  Planet  will  never  be  feen  in  the 
Ecliptic  from  the  Earth,  being  in  the  Plane  of 
die  Ecliptic,  unlefs  when  it  is  alfo  in  the  Plane  of 

£c  4  ^ 
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ic  Ecliptic.     After  an  intire  revolution,   K 
Planet  be  obfefv'i  in  the  fameTvi^-^p    wheu  ,.., 
Eart'h  arrives  at  K    Let  the  righc  r,  p  r,  bo 

ihiagtned  to  be  <h*awn,  as  alfo  Sf,  f  .  ''x^ing 

one  another  in  the  point  A'.    Tn  a.u^i- 

3TX  there  arc  given  the  angles  '■ 
fy  pf  thcL  Earth  arid  Time  1 
ti<ms,  and  .ST'P  tlie  obfcrv^ 
Planetfrom  tfte  Stin,atid  tli-  TtheDittancc 

of  the  Earth  from  iheStin; 
va^ion.    Therefore  .^  A'  is  T(<nfiIF? 
5rthc  Drftaaccof  ' 

fccond  obfervktlon  i  v^n  :  Again, in  c.ic  iri- 

angle  tXP  theanglc  .  ■  lual  tothe  zngltl XSin 

the  former  is  given,  and  the  angle  >yfP*  the  elon- 
gation of  the  Planet  from  the  Sun  in  rV  '^  nd 
SBiervation,  api<^  the  fide  t  X  lately  f.  nd 

confequcntly  the  fide  Ft  will  be  found,  l^ftly, 
in;i;hc.Trian^le  S  t  P,  the  fides  >  S,  tv  ^''  ^ 
ven^  together  with  the  ^ngle  conraine  P 

rtie  Diftance  of  a  Planet  in  a  I^ode  fro  un 

Will  be  found,  and  tlie  angle  tSP  that  r)  fc 

Place  (or  that  feen  from  rlie  Sun)'  con  .:h 

St  given  by  pofition,  namely,  the  Place  o\  the 
Earth  feen  from  the  Sun  iit  the  time  of  rhe  fecond 
obfervacion;  and  the  oppofition  to  this  is  xbc 
Centric  Place  of  the  other  Node;  chati5j  thePo* 
fuion  of  the  Lineof  the  Nodes  N«. 

By  this  means  the  Motion  of  the^odes  of  tht 
Orbs  of  the  Primary  Planets  will  be  determined,, 
by  comparing  the  Place  of  the  Node  of  each  Pla- 
net found  out  by  the  obfervatibns  of  the  Ancients, 
with  the  Place  of  the  fame  derermined  by  thcob-^ 
i[(yvacions  of  the  Moderns. 
l,  After  the  like  maimer^  if  a  Planet  be  ob/erted 
twice  in  any  other  point  of  its  Orbit  frr 
Earth,  the.l*laceof  the  Planet  feen  from  ui.  _ 
and  iu  Diilunce  from  tlie  Sun  are^  determined. 
1  P«o- 
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H  Proposition   XX. 

^TO  //^atf  i/  obfervntion  the  Inclination  of  any  Vlit^ 
L  neiary  Oryif  to  the  Fhne  cf  the  Ecliprie,  .  \* 
Let  S  repiefenc  the  Sun;  the  Circle  NBn 
ig.  21.]  the  Ecliptic  aqiong  the  Fixd  Swrsj 
d  N/ln  the  Path  of  the  propofed  Planet,  fecn 
►m  the  Sun  among  them:  And  the  right  line 
Sn  will  be  the  Line  of  the  Nodes  known  by  po- 
ion,  ( by  the  preced.  Pr^f,)  Whenever  the  Earth 
rives  ac  the  (aid  Line  of  the  Nodes,  which  ic 
les  cwice  a  Year,  theXimc  of  which  (by  Frop.iS.} 
known ;  Icf  the  Geocentric  Place  A  of  the  Pla- 
c  F  be  obferved  (by  Prop.  zy.  5.  2,)  whofe  La- 
nde  is  AS  an  Arc  perpendicular  tocheEclipcic, 
[d  Longitude  V  8.  Since  the  Longitude  of  the 
inYN  15  known,  the  difference  alfo  of  thcfe. 
^ngitudes  NB  will  be  known.  In  the  Spherical 
riangle  ^NB,  right  angled  at  ^,  the  Sides /?  J?, 
B  are  given;  and  therefore  the  angle  ^N5^ 
,e  meafureof  the  IncUnacion  of  the  Pi^ne  NAn 
Bjhe  Orbit  of  the  Planet  to  the  Plane  of  the 
B^dc  NBw,  will  be  known. 

»  Proposition   XXL 

>w  tbe  obfewation    of  a  Planet  in  Oppcfitkn  or 
CcnjunEHon  with  the  Sun,  to  get  away  its  Second 
Hcntality  iind  find  itj  Difiance  from  the  Sun. 

Befidcs  the  true  Inequality  in  the  motions  of 
le  Planets  vifible  to  an  Eye  in  the  Sun,  placed  in 
le  common  Focus  of  all  the  Orbits^  there  is  an- 
ther Optical  one,  arifingtrom  the  annual  motion 
f  the  Earth,  relating  to  us  living  on  the  Earth- 
The  former,  which  is  proper  to  the  Planets,  is 
ailed  by  a  name  proper  enough,  the  Firjt  Inequa^ 
lty\  but  the  other  is  fecondary,  as  it  were  to  the 
*lanet,  and  therefore  juftly  called  bv  Aftrono- 
ms^  tbQ  Second  he^uality :  And  he  is  (aid' to  get 
|»-    **  '      ^  it 
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it  away,  who  (hews  that  Place  of  a  Planet,  which 
an  Obfcrver  would  fee  from  the  Sun.  Let  S  {h 
Pi'  »i)  reprefent  the  Sun,  T  the  Earth,  P  'tbc 
Planet  in  its  Orbit,  NB  the  Ecliptic  among  ^ 
Fix'd  Stars,  NA  the  interfc<a'ion  of  tlie  Or 
the  Planet  with  the  Sphere  of  the  Fix'd  Star* 
cbe  Node :  And  feeing  the  Sun  is  in  the  PI 
the  Orbit  of  each  Planet,  the  righc  line  SN 
be  the  Line  of  the  Nodes.  Let  the  Earth  7"  be  fecn 
from  the  Sun  among  iheFix'd  Stars  at  fl,  and  the 
Planet  P  at  J.  And  becaufe  the  P ' 
in  Oppofition  to  the  Sun,  (as  in  i.^,  i  ^  ^.  „; 
Conjundion  with  it  fas  in  the  z^;)  the  arc  of  the 
great  Circle  connefting  the  points  A  and  J?,  t 
che  arc  of  the  Circle  of  Latitude,  and  coo/e 
quently  perpendicular  to  the£c\iptic«  And  ia  chd 
Spherical  right  angled  Triangle  ABV  there  are 
given  the  angle  A  NB  the  mcafore  of  the  IncU- 
pation  of  the  Plane  of  the  Orbic  of  the  Planet  to 
the  Ecliptic,  (found  by  the  preced  Prjyu)  and  the 
fide  £N,  namely  the  inclination  of  the  right  line 
TS  given  (by  the  Theory  of  the  Earth)  by  poHci- 
pn  to  5  N  the  Line  of  the  Nodes  found  by  pofiti* 
on  (by  Trop,  19.)  Therefore  there  willbe  known 
ehe^Jde  ^^,  the  Centric  Latitude  of  the 
and  ANthQ  Diftance  of  the  Planet  in  its  u, 
feen  from  the  Sun,  from  the  Node  N,  which 

fet  away  the  Second  Inequality  of  the  Planer. 
loreoycr  in  the  redilineal  Triangle  PSl 
are  given  SI"  from  the  Theory  of  che  Ear^ 
the  angle  ?TS  the  Latitude  of  the  Planet  by  ob- 
fervation,  or  its  complement  to  a  Semicircle^  and 
the  angle  PSTthe  Centric  Latitude  of  a  "^  *  ' 
found  above  j,  wherefore  PS  :md  Pr  the  Diflanccs 
of  the  Planet  from  che  Sun  and  Earr*    "'-^^  *■ 
known. 
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Proposition  XXII, 

BT  nny  fngU  obfervation  of  a  Vianet  vthattvety  id 
clear  It  of  its  Second  Ine^juality^  and  find  its  Di^ 
Jlayice  ffotn  the  Sun, 

•  Let  the  Planet  P  (in  Fig,  z;. )  be  obfcrved,  tha 
Line  of  whofe  Nodes  is  NS,  from  the  Eanh  7", 
with  the  apparent  Lacicude  FTB.  Let  the  Plane 
of  the  apparent  Latitude  be  produced,  till  ir  cue 
the  Plane  of  the  Orbit  of  the  Planet  in  FN,  and 
the  Plane  of  the  Ecliptic  in  the  right  line  8TN. 
From  P  let  fall  PB  perpendicular  to  the  right  line 
NB,  and  from  TcrcA  TO  perpendicular  to  the 
fame  NB,  which  (by  Prop.  %B.  EL  i  r  J  will  be  per- 
pendicular to  the  Plane  of  the  Ecliptic,  becaufe 
the  Plane  of  the  Latitude  PNB  is  perpendicular 
to  the  Plane  of  the  Ecliptic.  From  T  let  fall  T  S 
perpendicular  to  the  right  line  NS,  and  join  OE, 
which  is  perpendicular  to  the  fame  NS,  and  the 
Atigle  0£7' will  be  equal  to  the  Inclination  of  the 
Planes  of  the  Orbit  of  the  Planet  and  of  the  E- 
liptic.  In  the  Triangle  NST^  are  given  the  Side 
ST,  and  angle  TSN,  by  the  Theory  of  the  Earth 
and  the  known  place  of  the  Node,  and  by  pb- 
fervation  the  angle  NT^,  the  Elongation  of  the 
I'lanet  from  the  Sun  computed  in  the  Ecliptic, 
or  its  complement  to  two  right  j  therefore  the 
Sides  TN  and  NS,  ^nd  the  angle  TNS  will  be- 
come known.  |n  the  Triangle  TEN  right 
angled  at  E,  NT  and  TNE  are  given  ;  and  con- 
sequently TE,  In  the  Triangle  O  TE  right  angled 
iat  T,  there  arc  given  TE  the  Side  found  juft  now, 
and  TEO  the  Inclination  pf  the  Planes  of  the  Or- 
bit of  the  Planet  and  of  the  Ecliptic,  known  by 
Pro^.  io.  of  this  Book;  therefore  O  7*  will  become 
known.  In cheTriangleOTlVrightangledatr, there 
are  given  OTznd  TN  found  before  ;  and  there- 
Tore  the  angle  ONjT  alfo.     In  the  firft  angle 
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PNT,  there  arc  given  NT,  and  the  angle  T 
alfo  prjSTtte  apparent  Latitude  of  ihe  Plai 
known  by  obfcrvation^  or  its  complement  to  r 
Tight  i  therefore  NP  will  be  known.      In  ih 

"Triangle  NP  B  righcangled  ac  £,  the  fiJe  NP 
apd  angle  PNi?  lately  found  ^-'"^'  given,  p 
and  N  B  will  be  found.    In  :  ngic  fl^ 

\NB  and  NS  and  the  an;.' 

NSB  the  Centric  Longiu.--  w.  ^vw  *».»,. 

Euted  from  Its  Node,  and  the  fide  ^  d  wi 
nown.    Then  in  the  Trlangl 
at  ^,  PBjiJ  5  being  known 
.die  Planet  from  the  Sun  v  the 

^pglc  P5J?  its  Centric  I.; 
l^nangle  PNS  all  the  11... 
M^lc  iV^P  is  known,  the  Cec  :hc 

Planet  in  itsC^rbit,  computed  fi  oi  ch© 

Jviodes  given  by  pofition  fby  ;  .,  ,,  .i/its  Or- 
bit. Tne  SeCopd  inequality  of  i\\c  Planet  therei 
fore  is  got  rid  6f,  and  its. Place  ""       ^  >ua 

ii  determined  :  And  befides  ^^  .:   tbo 

Planet  from  the  Sun  is  found  in  the  panf  of  the 
mean  Diftance  of  the  Earth  from' the  bun,  which 
15  taken  for  the  tneafure. 

^_^  .Proposition  XXIII 

•fj^O  Jefini  tht  TerioJU  time  cf  ^jf  TUnct  aha 
'  J.     the  Sim*  ■[  • 

Let  the  Planet  propoled  be  obferved  in 
Kode  (as  was  tjone in  Ptop.i^.)  and  again,w 
i^turns  next  ',to  the  fame  Node:  The  Time  be- 
tween tliefe  obfervarions  is  very  nearly  rh?  '*"' 
©die  Time  of  the  Plaaec  fouglu.    for  fn:. 
lines  of  the  Nodes  are  |by  Prof,  4;.  B,  i.)a«nio(l 
at  reft,  when  a  Plincc  has  dclcribcd    '"   ^-h-M 
Prbit,it  returns  to  the  lame  Node,c^  'i 
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The  Period  of  a  Planet  is  decermined  not  orily 
by  chcobfervation  of  it  twice  in  tlie  fame  Node'i' 
tut  Its  FLriodic  time  will  beconit:  evident, if  ir  be 
oMervcd  twice  in  any  other  point  of  its  OrKt,* 
<4eared    of  the  Second  Inequality..  But   if  the 
Certrlc  Pines  of  the  Planet  be   computed  from 
the  Equinoxes,  regard  muft  be  had  to  the  Pii-* 
ceflion  of  the  Equinoftial   points  mad«  in  the 
Jhean  while.     In  defmuig  the  Periodic  times  of  a 
■fcneCj  ic  will  be  proper  to  make  ufc  of  that  ad-» 
^rce  given,  in  detc'rminming  exadly  the  Quan- 
tity of  a  Tropical  Year,-  namely  to  take  the  moft' 
diftant  Obfervations  that  c:in  be  had,  that  the. 
error  may  be  infenfible^  the  divifion  being  made- 
by  a  great  number  of  revolutions.   And  that  an; 
error  of  an  iniire  revolution  may  not  be' com-* 
inictedjthe  knowledge  of  a  Period  near  thetruthj^ 
and  expreffed  .by  a  round  number  will  fofficd,- 
which  may  be  had,  if  in  one  revolution  of  a  Pla-* 
net  two  or  more  Centric  Places  he  fought  in  Op-' 
pofition  or  ConjUnftipn  with  the  Sun,  fnamelr' 
when  It  has  no  Second' Inequatity)  and  th^  Perio-  ' 
die  time  be  taken"in  (ihat  ratio  to  theTime  elapfetf ) 
between  any  t^Vo  Obfervations,  as  the  diftance* 
between  the  centric' Places  is  to  an  intire  Ctrcte'. ' 
If  the  Planet  fhould  not  happen  to  be  obfwHved 
in  the  Nbde  icftlf,  or  in  the  Oppofition  wkhthe; 
Sun  itfelf,  (which  generally  happens ;)  then  that ' 
moment  is  decermined  by  obfcrvations  made  be-  * 
Tore  arid  afterwards  .  If  the  period  of  a  Planet 
wkeh  for  that  fpaceofTime,whei*eihth6'Cen- ' 
\place  of  a  Planet  becomes  the  fame  again  iilj 
R^  Mundane  fpace  or  between   the  Fix'd  Star?* 
ash  was  before  •  tho*  accurately  fpeaking,  there 
is  no  fuch  Period  St  kll,  fuppofin^  the  Node*  * 
move  ;  that    is,  that  the  planes  of  the  Orbits 
mfelves  change^  notwithftanding,  if  this  Pe- 
d  b;;  different  from  the  Period  dsijiined  above. 
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it  may  be  defined  fconfidered  in  regard  of  I.on] 
tudc)  by  the   help  of  the  obfervations  m^de 
che  preccd.  Pr<jp.  when  the  Centric  Place  of 
I'laaec  b  near  cne  fatne  Fix  dScars, 

Proposition  XXIV. 

TOSnd  tht  kngtb  eftbc  grcasa-  Axt  oftbt 
«f  rfsjf  Trimsry  ?UfteU 
Wc  have  hitherto  defined  the  (  i  of  tlu 

planes  of  the  Orbits  of  the  Planets 

Wc  now  come  to  defcribe  the  O*  ,  ^. . 

in  the  planes  thus  defined.  Which  wc  fkaii  do  ft 

vcral  ways,  that  chis  or  that  may  be  ufed  accord- 
ing as  the  obfervations  are^  and  the  one  nuy  cor« 

red  the  other;  and  that  the  Orbio  </erer/nined 
by  all  or  feveral  of  thefe  ways  tending  to  one  and 
the  feme  thing,  may  be  efteemed  more  accurarc. 
And  firft  we  (hall  fliew  how  their  greater  Axes 
may  be  determined.  The  greater  Axe  of  ihcOr- 
bir  of  any  primary  Planet,  is  to  be  taken  to  the 
greater  Axe  of  the  Orbit  of  the  Earth  in  the  fab- 
lefquiplicatc  ratio  of  the  Periodic  rime  of  thcprts 

Eofed  Planet,  (found  by  thepreced.  Frff.)  co  rho 
eriodic  time  of  the  Earth  about  the  Sun,  decer« 
mined  by  Prof.  i;.  For  then  the  Cubes  of  thtf 
greater  Axes  of  the  Orbit  of  thePIanetandof  the 
Earrh,  will  be  as  the  Squares  of  the  Periodic 
times  of  thofe  Bodies  about  the  Sun,  which  has 
been  demonftrated  (\n  Prop.  40,  B.  i,)  to  hold  in 
Bodies  revolving  about  the  fame  Center,  and  a4- 
ed  upon  by  a  Cencripeul  Force,  which  is  red* 

{)rocally  proporrional  to  thefquare  of  the  diftaoco 
rom  that  Center :  And  that  this  1$  the  condidoa 
of  the  Primary  Planets  revolving  about  the  San» 
bas  been  fhewn  ia  Fr^f,  4a,  B.  ir 
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pP(  Proposition  XXV. 

THrte  Centric  Tlaces  of  a  TUnet  and  Its  "Periodic 
Tiwe  being  given,  to  defer ibe  its  Orbit ^  and  find 
•    moment  of  Time    v/ben  the  Planet    ^as  in  the 
hdicn. 
After  the  fame  manner  as  in  Prop  14.  three 
Places  of  the  Earch  feen  from  the  Sun  (that  is. 
Centric  places  of  the  Earth)  being  given/ogerher 
wirh  the  Periodic  rime,  the  Species  of  the  Orbit 
of  the  Earthy  and  the  Pofuion  of  the  Line  of  the 
ApHdes  is  determined  j  the  fame  may  be  done  by> 
the  help  of  the  fame  like  Dat.^  in  the  Planet  pro- 
pofed,  and  the  Orhit  thus  dcfcribcd,  may  be  cor- 
reded  by  the  method  pointed  at  in  Prop.  1 5-.  And. 
SiS  the  Orbit   of  the  Earth  is  defcribed  in  the 
plane  of  the  Ecliptic,  determined  before  (in  Prof.. 
19,  B.  2,)  fo  the  plane  of  the  Orbit  of  the  Pla- 
te propofed,  wherein  its  Orbit  is  to  be  defcri- 
is  determined  (by  Prop  19  and  ao.)  More- 
'erj  the  ratio  of  the  greater  Axes  of  the  fame 
►rbits  IS  found  from  the  Periodic  times  of  the 
irth  and  Planet  (by  preced.  Prop.)  The  magni- 
tude of  the  Orbit  of  the  Planet  will  be  had  from 
the  afTumption  of  the  greater  Axe  of  the  Earth's 
Orbit   (or  its  half,   the  mean  Diftance  of  the 
Earth  from  the  Sun: )  The  Orbit  of  the  Planet' 
therefore  is  wholly  determined.    And  the  Time 
%vhen  the  Planet  was  in  the  Aphelion,  is  deter-. 
itiin'd  after  the  fame  manner^as  the  like  was  done 
JProp.  14.  in  the  Earth. 

Becaufe  the  Species  of  the  Elliptic  Orbit  of  the 
lanet  is  only  determined  from  thefe  Data^  (as  is 
fident  from  Pr&f,  14,)  and  the  magnicudeof  the 
irbit  in  refpeA  of  the  Orbit  of  the  Earth  is  cpn- 
luded  by  the  preced.  from  the  comparifon  of  the 
'eriodic  times  of  thefe  Planets;  the  fame  may 
inferred  other  ways;  namjely,  by  making  an 
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Orbit  of  a  certain  Spedcs  Cdetermincd  from  three 
Centric  Plnces )  defcribed  about  chc  Sun  in  a 
Focus,  to  pals  thro'  the  very  Place  of  the  Planet 
in  the  Hne  of  the  Nodes,  found  Sy  the  \,p 

of  this :  For  this  point  given  in  the  Oi  ^ ..  ^/,  thQ 
Planet,  fcrves  as  well  in  the  determining  its  Mag- 
nitude in  refped  of  the  Magni     " 
of  the  E'lrth,  as  its  greater  A\.  ....: 

For  the  diftancc  of  that  point  frotii  ;  is  d> 

termined  in  the  parts  of  die  lines  ot  ii\c  . 
Ofbif ;  and  any  one  of  tl.tfc  w.iy$  of  defer.: 
the  Orbit,  may  be  exarniiied  and  correAed 
the  other. 

And  from  hence  may  the  motion  of  the  Ap- 
fides  of  any  Primary  Pfflnet  be  Jd'ined  ;  name/y 
the  fame  way  as  the  motion  of  the  Nodes  was  be- 
fore. 

Proposition  XXVL   LeMujl. 

THE  Foctij  fln^ hngtb  of  the gfi 
given^  so  deji^rlbe  iin    Eilipfe  jp. 
gi'ven  Points. 

I  ct  5  [in  Ftg.  24.]  be  the  Focus  ot  :, 
to  be  defcribed,  A?  the  length  of  li 
Axe,  L  and  /  the  two  points  thro'  Which  the  EUip- 
fe  ought  to  pafs.    On  the  center  L,  at  t?i      " 
ftance  equ;il  ro  the  excefs  of  the  right  Jine  .  i 
bove  the  right  linejLSjlei  aCircle  C/^be  defcribed; 
and  after  the  hke  manner  upon  the  Center  /, 
with  a  diftarce  equal  to  the  excefs  of  the  richc 
line  A?  above  /5,  defcribe  a  Circle  R  /" 
ting  the  former  in  F  ^  and  F  will  be  one  i  lvu> 
of  the  Elliple  which   is  to  be  defcribed  :  Corfc- 
quently  an  tllipfc  defcribed  upon  the  \  ril 

F,  having  its  greater  Axe  equal  to  the  i  i^n.  ijne 
A  P,  will  be  the  Eilipfe  fought.  For  fmce  L  F  1% 
equal  to  AT—LS,  LS  +  LF  will  bi.  :o 

AP.  After  the  fame  manner  AP  h  ^.^u.w  to 
IS-^IF:  Confequently  (by  Fr'if,  fz,  B,  J.  of 
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*oWc/,)  an  Ellipfe  defcribed  upon  the  Foci  5  and 
^y  having  a  greater  Axe  equal  to  the  right  Hnd 
1^?,  will  pafs  thro'  the  points  L  and  /. 
L  "Tis  eafy  from  fuch  a  Geometrical  conftmaiofl 
gs  this  to  invent  a  method  of  calculating  futtablc  to 
jAftronomy.  For  three  points  5,  L  and  /  being  gt-* 
Ven/hat  is,  the  three  fides  of  theTriangle  S  Llht^ 
ing  known,  the  angles  become  known.  Again  id 
the  Triangle  LIF,  all  the  fides  are  given  ;  name-* 
ly  L  /  as  before,  L  F  the   difference  of  the  givert 
right  lines  AF  and  LSy  and  /F,  the  difference 
of  ^P,  lS*y    therefore  the  angle  FLl  becomcl 
known:  But  SLl  was  known  before,  therefore 
[he  angle  SLFv/iU  be  given.     Therefore  in  the 
Triangle  SLF^  LS,  Lf,    with  the  angle  S  L  B^ 
>cing  given,  the  fide  S  F  the  diftance  of  the  Foci^ 
md  the  angle  LS  Fj  between  L  S  given  by  pofi-» 
ion  and  the  greater  axe^  will  be  known ;  this  'Ax6 
hercfore  is  given  by  pofition ;  and  it  is  already 
;iven  by  magnitude:  From  whence  all  that  be- 
ings to  the  Ellipfe  may  be  drawn. 

.    ,   PROPOSITION     XXVIt 

r  i  ttfBn  tivo  Centric  Places  of  a  Tlanet  ahJ  tie  Ds* 

^J  fiances  from  the  Suvy  together  •with  its  VtrkdU 

iwtf,  to  Jetetmitie  the  Orbit  of  the  Vianet  i 

Let  S  be  the  Sun  [  Fig,  2^.]  let  the  two  Ceft-* 

ic  places  of  the  Planet  given  be  in  the  right  Hneft 

LySl  given  by  pofition,  and  let  the  Difianced 

f  the  Planet  from  the  Sun  be  the  right  lines  SL^ 

I  given  in  magnitude.    Wherefore  L  and  /  are 

le  points  thro'  which  the  Ellipfe  is  to  pafs.  More- 

ver,  the  periodic  Time  being  known  (by  Vrop. 

K)  VA  the  greater  axe  of  the  Elliptic  Orbit  iJ 

Irermined.     Defcribe  an  Ellipfe  therefore  (by 

he  preced.)  whofe  Focus  is  S,  having  its  greater 

of  a  given  length,  that  may  pafs  thro'  thegi- 

t»oints  Land  A    The  Centric  place*  of  the 

F  f  Plan«« 
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Planet  and  its  Diftances  from  che  Sun,  either  ioH 
Oppofition  or  Conjun^ion  wich  the  Sun  are  dc-1 
termined  as  in  Frop,  zi ;  or  from  an  Obfervanoal 
made  any  where,  as  in  Frop.  zz.  Nevercheldsfl 
that  may  beairum'd,which  is  determined  Prcf.x^.m 
when  the  hruation  of  the  Planet's  Orbic  in  regard  I 
of  che  Ecliptic  was  dehned.  fiuc  if  you  hrrcm 
more  than  two  Centric  places  with  their  cone- 1 
fponding  Diftances  from  the  Sun,  then  their  Or-B 
bit  being  defined  by  any  rwo,  you  muft  fee  wfa^  J 
ther  they  agree  to  it  thus  defined,  and  tliat  is  tol 
be  retained  (if  they  difagree)  which  is  confirm *d  I 
by  mod  Obfervations,  as  is  ufually  done  in  mod  r 
Agronomical  Calculations.  M 

PROPosmoH  XXVIU.  LoiMA.  m 

TO  ghegrcater  Axe  hPofthc  Eli--'   ^  VP  [%'l 
26.3  from  the  Focus  S  let  a  perp^  SR  Af  I 

ertSed  meeting  the  Eliipfe  in  R,  tfyr^'  M>btch  Ic  ^  right  m 
line  DK  Ife  drawn  touching  the  Eliipfe^  snd  mtnmt^ 
'ivith  the  Axe  AP  produced  in  G,  and  from  G  tcr  <i^H 
bt  drawn  perpendicuUr  to  the  Axe.     I'bcfe  ''^H 

fuppes'di  if  from  any  paint  I,  0/ the  ESipjt  .,<  *^H 
lines  LS,  I,  E  he  drawn^  one  as  h,^  to  the   l  1^ 

fumed  ^^  the  othtr  "L^ perpendicuLr  to  FG;  i  J'^ti  1 
that  L  E  ji  fo  LS  in  the  given  ratio  •/*G  P  r^  G  S.  hi. 
Thro' the  point  L  to  the  Axe  AP  draw  clidl'/''; 
perpendicular  LC  meeting  the  Axe  in  C  and  thzk c 
Tangent  D  R  itiD,  and  from  P  draw  annt^.-r  U.nc  k  /  ^ 
T  N  parallel  to  it :  And  C  D  will  be  ti 
right  line  S  L  (by  Vrop,  159.  JB.4.  of  GV^ 
llncent)  and  P  N  to  P  S.  But  G  C  is  to  \ 
a  given  ratio,  namely  of  G  P  to  FN;  ant* 
fore  E Lis  to  LS  in  the  given  ratio  of  t 
or  CP  to  P  .9.  From  hence  ic  follows  tlu.  .. 


^ 
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AS  in  the  fame  ratio  of  GP  to  P 5;  whitf 
is  a  particular  Cafe  of  this  Propofition,  naindy 
when  the  point  L  taken  at  plcafure  coiflci<te 

Willi 
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^ith  ^.  And  this  is  evident  from  hence,  tint 
(by  Prop,  34.  B.  I.  ef  Conies,)  RG  being  a  Tangent, 
^5  is  to  S P  ^s  AG  to  GP  i  from  whence,  6y 
permutation  and  inverfion,  GW  is  to  AS  zsGP 
)OPS.  This  Propo/icion  holds  alfo  in  the  ochei' 
Sections  of  the  Cone. 

Proposition  XXIX.   Lemma. 

TO  difcrihe  an  Elltpfe  about  a  gi'ven  Focus jt bat Jh^S 
ffifs  thro  threngiven  Points. 
Let  the  Points  given  be  L,  /,  a,  (inivf.  27,) 
ind  the  Focus  5.  Join  ihe  right  lineL/,  and  pro- 
luce  it  to  F,  ib  as  chat  LFmay  be  to  /F,  as  SL 

0  SL  So  let  x/  joined,  be  produced  to  f^  fo  as 
hat  A/may  be  to  //,  as  S\  to  Si  Join  the  right 
IneF/,  and  upon  it,  from  L  and  S  let  fall  the 
>crpendiculars  LEy  SG^  divide  SG  in  P  fo  as  G  P 
nay  be  to  P 5  as  LE  to  L5,  and  produce  ic  co 
/,  fo  as  that  GA  may  be  to  ^5  in  the  fame  ratio: 
UiEllipfe  defcribed  having  A  and  P  for  its  Ver- 
ces  and  S  for  ics  Focus  j  chat  is,  having  its  greac- 
r  Axe  P^3  and  its  Latus  return  quadruple  a  right 
ne  which  is  to  SP  as  SA  to  AP  (  by  Pmp.  ^4. 
.1.  of  Conies,)  v/\\l  pafs  chro'  the  Points  L,  /,  and  a. 

From  /  and  a,  upon  FG  let  fall  the  pcrpendi- 
Alars /e,  a«.  Since  by  conftrudion  £F  is  to 
F-ds  SL  to  5/5  LE  will  alfo  be  to  le  (  by  reafon 
F the  Parallels  LE,  /fJas5L  to  5/,  or  LE  to  SL 
i  le  to  5/.  But  by  conftruftion  alfo  GP  is  to 
^,  and  GA  to  ASy  zs  LE  to  SL^  and  therefore 

1  GP  is  to  PS  fo  is  /c  to  Si  After  the  fame  man- 
IBr  a/  is  by  Conftrudion  to  //(that  is,  a ^  to  le) 
*  Sa  CO  S/i  and  therefore  a,  to  S^  as  (  le  to  Si  j 
kat  is,  as  was  jufl  now  demondrated,  as)  LE  to 
i.  Since  therefore  SL  is  to  LE^  alfo  Si  to  /f, 
^d  Sx  to  Ai,  as  GP  to  PS,  or  Gy4  co  /^S,  and 
lis  is  a  property  of  an  Ellipfe  denionflrated  iri 
I^Cfij^d  Lem/tis  evident  that  the  Points  L^  /,  ^, 
^K_  F  f  2  are 

^BBMLbi  m         \ : ^— ; — 
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are  in  the  Ellipfe,  whofc  Focos  is  5,  and  exrrem 
of  the  greater  Axe  or  Vertices,  A  and  P.  At 
from  hsnce  k  is  cafy  to  be  known,  when  the  Pp 
b!em  15  impoffible,  and  when  inftcad  of  an  1 
lipfe,  a  P:irnbota  or  Hyperbola  comes  forth,  i 
a  Calculation  femiliar  to  Aftronoraers  be  R 
quir'dj  it  may  cafily  be  drawn  from  the  pieced 
ing  Cooftruction;  forJnftance,  after  the  folio* 
ing  manner.  Since  Sk  is  ro  Si,  as  k/  is  to  // 
then  dividedly  Sk^SI  to  S  t  n$  kI  to  ifz  Bnt  tl 
three  ftrft  terms  of  the  PrOpftrti6n  are  gtvei 
from  the  Points  5j  /,  a,  being  given;  therejor 
the  fourth  //*  will  be  known.  And  after  the  lik 
manner,  becaofc^I :  Si  ::LF:  IF.  By  divJdir 
SL  —  Si  :  SI  ::  Ll  :  IF,  and  the  three  fir: 
terms  being  given  the  fourth  term  witibe  teowr 
namely  the  right  line  IF,  Moreover,  the  tkre 
Sides  of  the  Triangle  Six  being  given,  the  aogl 
St?.h  givenj  and  the  three  Siacs  of  the  Triailgl 
•"vL/ being  known,  *?/£  becomes  known  ;  thert 
fore  there  is  given  both  the  Angle  Lh  the  diffi 
lence  or  fum  of  them,  and  the  Vertical  to  ir  Fi] 
Therefore  in  the  Triangle  F//,  theMdes  IF,  fi 
jiift  founds  being  given,  together  with  thtt  tti^ 
i*'// contained  ;  the  angle  F//will  beibaildy  ant 
confequently  its  complement  to  a-  Hght  fh 
But  the  angle  Sl\  being  known  before,  its  c«tf 
plement  to  two  rights// will  be  known;  thw© 
fore  the  fum  or  difference  c//  of  the  known  Aft 
gksSlf,  elfy  will  be  given,  and^  confeqvefltl] 
ISG  its  complement  (becaufe  of  the  Partfels'W 
(iS)  to  two  right  J  that  is,  the  iticIinatiioAcf'dR 
j^teater  axe  to  the  right  linc/Sl  ^V^'n  by  ^fitk* 
Jicfides,  in  the  Triangle  ftl  nghtangled  ac  e,^ii 
the  angles  are  given,  together  with  tbc  fide  // 
therefore  tf/,  or  GAf  is  known,  fuppofing/'A£|# 
pendicular  CO  G5.  In  like  Manner  in  the  r^ 
angleJ  Triangle  SMI,  tht^  Anglcsand  Si*  ^-i 
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ig  given,  SM  is  giveni  and  GS  is  the  fuin  or 
difference  of  GM^  MS,    Again^  bccaufc  by  clic 

feed,  Lem.  eLlSiiG?.  PS,  by  compounding 
f  /5./5  ::  GS.S?,  and  the  three  firft  terms 
this  Proportion  being  given,  the  fourth  ;j  P 
1  be  known  :  In  like  manner,  becaufe  ^/:  IS  ;: 
GAiAS.hy  dividing  r/ — IS  ilS  :;GS:AS;  from 
whence  AS  becomes  known:  The  fum  of  P-S",  SA 
is  the  greater  Axe.  The  other  Focus  of  the  El- 
lipfe  is  as  far  diftant  from  A^  as  S  is  from  P.  The 
Foci  and  Vertices  A  and  ?  being  given,  the  reft 
iivill  not  be  unknown. 

Proposition  XXX. 

THree  Ccrttrk  Vlaces  of  a  Planet,  an  J  the  Dtfiafices 
from  the  Sun  being  gi'veftj  to  Jtfcrikt  its  Elliptic 
Orbit. 

Let  the  Centric  Places  of  the  Planet  be  given, 
ind  its  correfponding  Diftances  from  the  Sun  ; 
namely  the  right  lines  51,  Si,  5a,  in  pofitionand 
magnitude  [Fig.  28.]  fuppofmg  5  to  be  the  Sun. 
By  the  prcc  Prop,  let  aa  Elliple,  whofe  Focus  is  5, 
be  defcribedor  determined  by  Calculation,  pafling 
thro'  the  Points  Lj/,a.  This  will  be  the  Oibic  fought. 
The  relation  this  has  to  the  Grbic  of  the  Earth  is 
'herefore  known,  becaufe  the  magnitude  of  the 
Lines  5  L,  5/,  5  a  is  given,  in  the  parts  of  the 
ncan  Diftance  from  the  Sun,  and  the  Htuatiun  of 
fcePlane  of  the  Orbit  in  refped  co  the  Plane  of  the 
ttcliptic,  isfuppol'ed  to  be  determined  by  Prop,  19. 
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Uponthis  Propofuion  depends  the  Method  that 
Dr.  HaUejf  lays  down,  in  the  rbilofop,  Tr.vja^. 
An.  1676.  N°  128.  for  determining  the  Orbics  of 
the  Planets.  Namely,  if  any  Planet  be  obferved 
thrice  from  the  Earth  in  the  lame  Point  of  its  Or- 
bit (which,  when  it  ipay  happen,  is  well  enough 
known  from  its  periodic  Time  nearly  known) 
F  f  J  there 
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there  will  be  had  three  Places  of  the  Earth, 
from  the  Son,  and  three  corrcfponcMngr 
©f  the  Earth  from  the  Sun,  cxprefl«^d  in  ir\c  p; 
of  the  diftanceof  the  Planet  from  the  Sun; 
therefore  the  Orbit  cf  the  \  arth  irfclf  is  i 
mined  by  the  preceding  :  Which  being  knowi 
If  any  Planet  be  obferv'd  twice  from  rbe  Eaahii 
the  fame  Point  of  its  Orbit,    and  confcquentlj 
(hyPrcp.  19.)  its  Centric  Place  and  Diftancefr* 
the  Sun  be  uerermined,  and  this  be  repeated  ii 
two  other  Places  of    the  feme  Planet 
Points  of  the  Planet's  Orbit  will  behad^  byw/ 
cogether  with  one  of  the  Foci  Cnamcly  the  Eun^ 
Place ;  being  given,  the  Orbit  ic  fe!r(by  the  prec] 
isdeterminred.     If  the  Periodic  Time  bepnsrt] 
cxadly  known,  the  fao^e  n^ay  be  done  br  tw< 
Centric  Places  and  Diftances  from  the  Sao  being] 
known,  which  may  begathcr'd  by  Trcf.i'^  fron 
twice  two  Obfervations  of  a  Planet  obkntA  \\ 
che  fame  two  points  whatever  theybs-'  And  b; 
the  fame  pains  the  Place  of  the  Nodes  and  the  \n* 
clination  of  the  Orbit  to  the  Ecliptic  ate  defer- 
mined  by  the  19*^1  and  20=^  Propontions. 

Proposition  XXXI,     JLzhha. 

To  find  the  cenjugatf  Dmmeters  cf^k  ESiffty  iri/rfj 
f^fes  thro    f^e  given  Poinss.    fFig.  19.] 
Let  the  five  given  Points  be  ^?■,  3i,  L,  X,  ft] 
that  the  Perimeter  of  the  Ellipfc  paffes  thro^  a 
Plamerer  as  FE  o\  that  EUipfe  is  to  be  found,  to- 
gether with  its  Conjugate  Tl\  in  magnitude  and 
pofition.    Let    right   lines   be    fuppofcd   to  t<' 
drawn  conneding  the  given  Points,    fomc  two! 
of  which  are  either  parallel,    or  there  are  noj 
two  fuch.   This  is  eafily  fecn ;  for  fince  the  Points 
Ny  M,  f,  X,  //  are  given,  the  right  lines  thacj 
connect  them  all  manner  of  ways  are  given,  la^ 
the  aD^lQs  contained  becwqen  chofe  right  Hnel 
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refore  ic  be  found  that  two  angles  placed  aU 
tiately,  (for  inftance  KMH,  Af/ZN)  are  c- 
il,ic  may  be  concluded  that  the  two  right  Jines 
!^,  NH,  in  which  the  faid  angles  are  alter- 
tly  placed^  are  parallel. 

I^aseL  Suppoi^  firft,  that  there  are  two  of 
m,  as  M  K,  NH  parallel  to  one  another.  Let 
m  be  bifeAed  in  B  and  /(,  and  let  B^  con- 
ting  them,  be  produced,  till  it  meet  the  Eliip- 
p  i-'and  Ej  and  it  will  be  (by  the  Elements  of 
fej)  a  Diameter  of  the  EUipfc,  and  f  by  26. 
.)  given  by  poficion  ;  becaule  pafling  thro* 
[given  points  B  and  J,  Draw  thro'  L,  the 
e  i  -^,  parallel  to  E  F,  meeting  the  Ellipfe  in 
the  right  line  M  K  in  D^  and  N  H  in  C,  And 
the  right  lines  A'^,  L  A/conneftcd,  meet  the 
ic  line  II N  (if  need  be  produced)  in  the 
Its  P  and  G.  By  Frop,  17.  B,  j.  Elcm,  Conic  of 
Uoniusy  the  reftangle  X  D  L,  is  to  the  retftanj^le 
>JC  as  ZF^  ioZT'i.    And  XCL:NCH:: 

K:  ZT^.  An  therefore  XDL:  MDK:: 
:  NCH.  But  fas  {hall  be  ftown  hereafter,) 
fc£.  MDK  ::  XCl.  G  C  P.  And  therefore 
Prep.^.Elem.  f.)  the  reftangle  NCHi^  c- 
Lto  the  redangle  GCP>  But  the  re(5i:angle 
S  is  given,  becaufe  its  fides  NC,  C  H  are  given  ; 
the  whole  line  NH  is  given  at  fitfl  as  well  in 
jnitude  as  pofition,  alfo  the  right  line  LC  by 
tlon  (  by  28.  Dat.  )  wherefore  (  hy  25*.  D^ir.  ) 
point  C  will  be  given:  So  likewife  wiM  the 
t  line  G  C,  fince  its  extremes  G  and  C  are 
n  :  Therefore  ( by  5-7.  Datr )  CP  is  given  in 
iiitude:  But  it  is  alfo  by  poHtion  ;  therefore 
point  P  itfelf  is  given.  And  the  point  K  is 
n  ;  therefore  the  right  line  KP  connccliiig 
points  is  alfo  given  by  pofition^  and  confe- 
(by  2^  .  DiJt.)  the  point  X  in  the  Ellipfe, 
Un?s  LC^K  D  given  by  poficion  meet) 
Via  is 
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U  alfo  given.  Join  the  right  lines  NX,  L  H  meet- 
ing the  diameter  E  F  (if  need  be  produced)  in 
*  and  5 :  And  then  (by  the  above  ci:cd  Pr«p,  17, 
B,   %.  Ehm.  tfComc.)  both  NC  H  will  be  to  XC  I, 
^nd  NAH  to  EAF^  as  2?f  to  ZF^  ;  from  v hence 
i^CH.  XCLiiNAH.  EAF.     And  by  wh^i  is 
fcclow    dcmonftrated,    N  C  H.  X  C  L  :  i  ' 
RAS;  therefore  (by  Prop,  ^.  Ehm^  f»)  the  .,„ 
angle  RAS  is  equal  to  the  refiangle  EAF.    Bm 
HAS  is  given  (fince  the  three  poinrs  Ay  U,  andS 
arc  given,  ^^  as  was  fhewn  above,  R  and  ^  by 
the  zy  of  the  Dataj  namely  the  concourfc  of  cho 
right  line  E  F  given  by  pofition  with  the  right 
Jines  XNj  HL  given  by  pofition,')  therefore  the 
reftanglc  EAF  Will  he  given. '  A/tcr  the  like 
manner  the  redangle  EBF  may  be  foimd ;  and 
the  points  A  and  B  are  given,  therefore  fo  is  E  F 
in  magnitude  5  as  we  fhall  (how  hereafter.    But 
its  pofition  was  found  before  ^  wherefore  the 
diameter  £  F  is  given  in  Pofition  and  Magni- 
tude.    Moreover   rr^   is  to  E  F<\  as     ^CH 
to  XC^y   as  was  fhewn  above;    that  is,    (by 
1  Dat,)  in  a  given  ratio,  becaufe  the  re^ftanglej 
NCH^XCLzxt  given  ;  wherefore  the  i'ubdu 
cace  ratio  of  the  former,  namely  the  rario  of 
to  E  F  (by  24  Dau)  is  alfo  given  :  Bar  EFis  p- 
vcn,  as  was  fhewn  above  ;  therefore  by  z  Dj:. 
TT  will  be  given  in  magnitude.    But  its  pofiti- 
on is  given  by  28  Dat.  becaufe  pafling  thro'  the 
point  2,  which  is  in  the  middle  of  the  right  line 
E  F  given  in  pofition  and  magnitude,  parallel  to 
the  right  line  NH  given  in  pofition.    Therefore 
the  tight  lines  E  F,  T  2'  are  given  in  Pofition  and 
Magnitude,  namely  the  conjugate  diameters  o£ 
the  Ellipfe,  paffing  thro'  the  five  given  points 

Cas^I\,  But  now  let  us  fuppofe  that  th 
right  lines  MH,  NK^  Ijg:  jo.J  are  not  panil 
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Icl,  nor  any  other  two  .•  Therefore  ihefe  lines 
MHi  NK  (at  leaft  produced)  willintcrfe<a  one 
anocher  j  for  inftance  in  the  point  L,  which  will 
(se  given  by  ay  Dut.  draw  thro'  L  the  right  line 
l»V  parallel  to  MH^  meeting  the  right  line  NK 
in  ^,  which  (by  28  and  25-  Dtjf,)  will  alfo  bb 
given.    And  the  ratio  of  the  redangle  N^K  to 
theredangle  X^Fwill  be  given;  namely  the 
fame  (by  ?rop.  17.  B.  ;.  of  the  Elew.ofCon,)  witfi 
rhat   of  the  given  redangle  NIK  to  the  given 
MIH,    But  theredangle  N ^^K  is  given,  fince 
its  fides  N^and  X^ are  given;  and  therefore 
the  redangle  L  ^Fis  alfo  given  :  From  whence, 
fmce  Z  ^  is  given  by  $y  Dat  the  right  line  ^K 
is  given  in  magnitude  ;  but  alfo  in  pofition,    be- 
caufe  a  parallel  thro'  the  given  point  3  to  the 
right  line  MH  given  by  pofition;  thereTore  the 
point  Kitfelf  by  27  Dnt.  fince  the  magnitude  and 
pcfition  of  the  right  line  ^^  and  the  other  ex- 
tremity ^are  given.    Thus  therefore  wc  come 
back  to  the  former  Cafe ;  for  there  are  given  the 
five  points  N,M,LyV,H,  or  M,L^K,l^,H,  thro' 
which  the  EIHpfe  may  pafs,  and  yet  fuch  as  the 
two  right  lines  LVy  MH  may  be  parallel.    By 
what  has  been  faid  therefore  the  conjugate  dia- 
meters of  chat  Ellipfe  may  be  found.    ,^  £•  F. 

Ltt  there  bcfivo  right  lints  GP,  }AYiyparalUl  to  one 
another,  on  vjbich  let  the  right  line  XC  D  L  CF'g-  3 1 J 
fitll,  and  from  any  Points  of  it  X  findL.  draw  tiny  ho-u/ 
the  ri^bt  lines  L  MG,  X  P  K.  meeting  the  taraliels  in 
Mj  G,  P  and  K  :  I  fay^  the  YtEhngle  X  D  L,  is  fA' 
M  D  K  dj  l^QY.  to  the  reclangle  G  C  P. 

The  ratio  of  the  reftangle  XD  Lto  the  retft- 
tngle  M D  K  Cby  Trof.  25.  Ehvf.  6.)  is  compoun- 
led  bf  the  ratio  of  A"  D  to  D  Kj  and  of  the  ratio 
\i  Ld  to  D  M\  and  the  ratio  of  the  re  dangle 
arc^  CO  ihe  re<aangle  GCP  of  the  ratios  of  XC 
ToCP  and  Lc  to  Cd.  But  bccaufc  of  the  pa- 
rallels 
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rallcls  MDK,  GCT,  XDisto  DKxiXC.  CPi 
and  LD.  DAf  ::LC.  CG.  Since  cbertfore  tbo 
cooipoundine  ratios  are  equal,  cfae  compounded 
ratios  will  alio  be  equal  i  chac  i%,  XD  L  to  MDK^ 
as  XCL  to  GCP. 

Ifhct  tht  reHangUs  £  A  F,  £  B  F  tfr«  ghutn^  ai, 
the  fclwts  A  anJ  B  are  given  j  the  points  E  aaJ  F  4nr 
0/fo grven^ ["H^^fi^S  EAB¥  a  rlgbtUnt, 

For  fuppofe  cm  redangle  B  AC  to  he  equal  to 
the  redangle  EAF^  and  the  re^angle  ABD  eqiul 
to  chc  re«aangle  EB  F:  -\nd  therefore,  fince  (by 
Hjrp.)EAFzi^BA  are  given, /iC  (by  pD^;.;  tsaJ- 
fo  given.  In  like  manner,  fince  EBF  and  A  B2so 
given,  A  D  will  be  given.    By  rakka  oi  the  for- 
xncT  cquah'cy  (  by  16.  EUm,  6.)  FA.  A B  : :  AC, 
A  £,  and  by  converfion  of  ratios,  FA,  BFw  AC, 
C  E.  Again,  by  reafon  of  the  latter  equality  EB, 
B  D::  A  B/BFy  {_Fig,  }2.]  and  by  compouivding 
ED:  BD::  FA.  BF,    From   whence  (  by  Pro/. 
I  r.  £/.  ^.)AC,CE::ED.BDi    And  therefore 
the  redangle  contained  under  A  C  and  B  Z>  is  c* 
qual  to  the  rcdangle  under  CE^  E  Z>.    But  the 
redangle  under  AC  and  BD  is  given,  (for  both 
right  lines  are  given)  therefore  the  redangle  un- 
der CEyED   isalfo  given.     And  becaufe  this 
given  redangle  is  applied  to  the  given  nghcline 
CI>,  (compofed  of  the  parts  C  A  and  A  D  which 
are  given;  and  wants  of^  fquare  Figure,  CE 
(by  j8  Dat.  )  will  be  given  j  and  confequently 
AE  (by  4  Dai,)  and  becaufe  the  redangle  EAT 
was  given  at  firft,  the  right  line  AF  will  alfo 
be  given  j  that  is,  the  points  E  and  F  will  be  gir 
vpn. 

Proposition  XXXII.  Lemma. 

TO  find  the  Foci  and  Vertices  of  an  Ellipfc  ihit  // 
tofufsthro  fiyt  gi^tn  feints^  and  cortfetjHentlj 
tff  dffailfe  ihe  Ellifje  f/ij/ing  ibro  the  five gi'Vtn  Pc'mU* 

fatpus  it}  Bock  S.  Mtnb,  Coll,  propofes  and  ^on- 

ftraa^ 
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I  ftruiJs  this  Prob.  and  the  prec.for  the  ufe  of  Archi- 
teds:  Nnmely, having  a  portion  of  chefuperficies 
^^arighcCylindcr  givcn^thachasno  part  prefer ved 
^fttire  in  the  circumferences  cf  the  Bafts,  to  find 
^■le  chicknefs  of  the  Cylinder.  Thefe  the  Aftro- 
^ftiomers  afterwards  converted  to  their  ufe.  By 
the  preced.  Lemma  find  any  two  conjugate  Dia- 
merers  of  the  Ellipfe,  that  is  to  pafs  chro'  chs  five 
.given  Points,  and  let  chem  h^  A  H^C  D  bifeding 
I  'one  another  in  the  Center  E.  Produce  BAxoH 
C^'.s-  5  V]  fo  35  that  the  reftangle  EAH  may  be 
equal  to  the  fquare  of  D£;  by  which  means 
(by  y8  Dift.)E  H  is  given.  Let  a  perpendicular 
i:£,from  K  the  middle  of  EH,  meet  with  Af^G, 
H  right  line  parallel  to  DCy  thro*  the  point  A  in 
che  point  L,  which  confequently  is  given  on 
the  Account  of  the  right  lines  M  G^K  L  given 
by  pofition.  On  the  Center  L  thro*  E  or  /f, 
draw  a  Circle  lnterfe<iting  the  right  line  MAG 
in  A/ and  G,  whofe  diameter  MG  confequently  is 
given  as  well  in  pofition  (becaufe  'tis  parallel  chro* 
che  given  point  A  to  the  right  line  CD  given  by 
pofition  J  as  in  magnitude,  (fince  it  is  double  to 
the  right  line  connecting  the  given  points  £  and 
L)  the  right  lines  G  E,  M  E  conneding  them, 
are  alfo  given  as  well  in  pofition  as  magnitude. 
But  theirpoficion  is  the  fame  with  the  pofition  of 
the  Axes  fought :  For  fmce  the  rci^angle  EAFi 
fby  jf.  Ekm-  %.)  is  equal  to  the  rcftangle  MA  G, 
and  by  conftrudion  EAH  equal  to  the  fquare  of 
DE^  ED"^  will  be  equal  to  MAG^or  (by  17 
Trap,  EUm.  6.)  E  D  will  be  a  mean  proportional 
between  MA  and  AG;  and  confequently  fby 
Trop.  88.  J3.  J.  of  Greg.  St.  Vincent.)  the  Axes  of  the 
EUipfe  defcribed  upon  the  conjugate  Diameters 
ABy  C  D  are  in  tlic  right  lines  EG^  EM,  And 
rhe  magnitude  of  the  Axes  is  thus  expeditioufly 
determined.  Thro'  A,  let  fall  perpendiculars 
4'^^  ^  2V  to  ^G.  E  M^  whi^h  therefore  are  gi- 

veot. 
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Ten.  Take ia  the  right  line  EG,  E O  a  mean 
poportional between  EG,  E  ^i  in  Kke  manner, 
m  £  Af ,  E  R  a  mean  proportional  between  E  M, 
EN;  the  right  lines  EO,  ER  (  given  by  24 
Dar.)  will  be  the  Semi-axes  of  the  Ellipfe  (by  Pr»^. 
37.  B.  I.  C*»/V.;  If  in  G£  produced  yoti  take  Ef 
equal  to  EO,  and  in  ME  produced,  ETcqtnl 
to  ER,  the  Axes  OP,  R  Tot  the  Ellipfe  wtl!  he 
given  in  pofrdon  and  magnitude,  toge''^^  -irh 
with  the  points  0,  R,  P,  T,  which  ar.^  ici- 

paJ  Vertices  of  the  fame.  More 
Axe  PO  be  fo  divided  in  5  and 
rie under  PS  and  SO,  as  aUo 
cer  P^and  Fo  be  equal  to  th 
on  Rf,  J  and  F  will  be  the  Toe 
Trop,  J2.  B.  ;.  Etcm.  Ccn^r.)  Bt 
found  fby  y8  D^r.;  are  given  ;  i 
Foci  of  the  Ellipfe  are  given,  ci..  ^...pfe  may  be 
defcribed  by  Prop.  ^4.  B,  i.  Ctvics  of  Afoimlus* 

There  is  no  need  of  annexing  here  the  form 
of  a  Trigonometrical  Calculation  fuiccd  to  this 
Problem :  For  it  is  well  known  ro  Geometers, 
that  whatever  is  found  oat  by  the  help  of  EucliXt 
Data,  may  alfo  eafily  be  found  by  a  Calculation, 
proceeding  exadly  after  the  fame  manner,  and 
generally  in  a  Trigonometrical  manner,  as  it  hap- 
pens here  :  Indeed  the  inveftigation  of  any  Pro- 
blem by  the  help  o(  Euclid's  DatSy  is  an  univerfal 
method  of  determining  it,  and  very  ufual  with 
the  Ancients. 

Proposition  XXXIIL 

Five  Centric  places  of  a  Vianet  and  the  Difiaittts  ftom 
the  Sun  bein^  gtven,  to  find  its  Orbit* 
In  the  preceding  Propofitions,  while  we  were 
determining  the  Orbits  of  the  Planets,   we  fuppo- 
fed  nothingjbut  what  was  agreeable  to  Obfcrvad- 
ons  exactly  made  as  well  as  to  the  Phyfical  Caufcsof 
^       '  tllcir 
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leir  Motions  demonftratcd  in  Book  i:  Namely, 
that  the  Orbit  of  any  Planet  is  an  EUipfe,  one  of 
whofe  Foci  is  the  Sun  at  reft,  and  that  a  Planet 
defcribes  it  after  fuch  a  mantierj  as  that  its  Area  s 
or  Seders  contained  between  right  lines  drawn 
to  the  Sun,  and  the  Arcs  oftheEllipfe  are  pro- 
portinal  to  the  Times  wherein  the  laid  Arcs  are 
dcfcribcd  by  the  Planet*  For  tho'  we  have  fup- 
pofed  in  Frcp,  14.  with  IVardy  for  a  little  whilc^ 
that  a  Planet  defcribes  its  Orbit  To,  as  that  its  an- 
gular motion  at  the  Focus  of  the  Ellipfe  in  which 
the  Sun  is  not  ^  yet  this  was  only  done,  becaufe 
ill  the  Orbit  of  the  Earth,  which  is  not  very  ex- 
centric,  an  approximation  is  made  to  the  equal 
defcription  of  Areas  by  a  radius  drawn  to  the  Sun^ 
as  is  not  to  be  difregarded,  as  was  fliown  in  Vrof. 
7.  And  we  cdrreded  the  Orbit  of  the  Earth  de- 
fined according  to  that  Hy  pothefiSj  as  much  as 
we  pleafed  in  the  following  ij^^^  Propofition. 
But  in  this  Propofition  we  ftialj  not  fo  much  as 
fuppofe  that  the  Sun  is  placed  in  the  Focus  of 
each  Orbit  ^  but  (hall  defcribe  the  Orbit  by  the 
help  of  five  given  Centric  Places,  and  as  many 
Diftancesfrom  the  Sun,  independently  upon  it: 
And  b)''  this  means  the  truth  of  the  preceding 
Prop,  will  appear  clearer,  fince  the  Sun  will  b^ 
found  to  be  placed  in  the  common  Focus  of  tha 
Orbits  thus  defcribed. 

The  Centric  places  of  the  Planet  being  given, 
the  right  lines,  wherein  it  is  feen  from  the  Sun,  ar« 
alfo  given  by  pofition :  Let  them  be  5N,  5>/,  SL^ 
SK^ni  SH',  [_Fig.  54.]  and  the  corrcfponding 
Diftances  from  the  Sun  being  given,  the  poincs 
NyM,L,K  and  H  (by  27  DatJ  are  given.  Thro' 
Ihefe  points  f  by  the  help  of  rhe  preceding  LemmaJ 
flcfcribe  an  Ellipfe,  and  it  will  be  the  Orbit  of  the 
Plmet  fought.  And  by  the  fame  Lemma  tho 
Vertices  will  be  found,  as  alfo  the  Foci,  Pofision 
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of  the  greater  axe  and  rhe  other  things  chac  ate 
required  in  the  Orbit  of  the  Planet.     ^  £.  jr. 

Proposition  XXXIV. 

TO  Jtfermsne  the  CeurrU  ?Lee  and  Difiancc 
the  Sun yof  any  ?lanet  ptopojtd^at  any  gi'Ven  Timt> 
The  plane  of  the  Planets  Orbit,  the  pofuioa 
of  the  Line  of  the  Apfides  and  the  Species  of  tho 
Planet's  Orbit  bein^  determined,  (by  the  preccd.: 
Trof.)  that  is,  the  Orbit  it  felf  being  defcribed  in 
its  proper  Situation  about  the  Sun,  iuppofe  AL? 
[f/?.  5r]  2nd  the  Moment  being  known  {'by Pri>p. 
ayO  when  the  Planet  was  fome  time  or  other  ia  i 
the  Apfis  alfo  the  Periodic  Time  of  the  P/anct 
Cby  Prop,  z;.)   the   Time    fince  it   was*  ia/t  in -m 
the  Apns,  (x/.^.  A)  will  be  known,  ot  the  ratio 
of  the  faid  Time  to  the  whole  Periodic  Time 
will  be  known  ,  that  is,  by  the  Law  of  Motion 
of  the  Planets,   demonftrated  in  B*  i.  foppoftng 
the  Place  of  the  Planet  /.,  the  ratio  of  the  area 
A  LS  to  the  whole  Ellipfe  A  LP  A  is  known^* 
Find  therefore  the  Angle  A  SL  by  Pnfv  ^,  4,  6^ 
or  7.    Therefore  the  right  line  SL  is  given  by 
Pofition,  fince  it  is  inclined  in  a  given  angle  10 
PA  the  Line  of  the  Apfides  given  in  pofition :  As 
alfo  in  magnitude,  by  the  fame  i^ropofitions^Cllncc 
this  is  given  in  the  parts  of  the  Aphelion  diftance 
of  the  Sun  SA^  which  isdefined  abovt:  in  the  partJ 
of  the  Mean  diftances  of  the  Earth  from  the  Snn^ 
which  is  looked  upon  as  the  common  meafurc  oi 
thefe  lines;)  that  is,  the  Place  of  the  Planet  pro- 
pofed  feen  from  the  Sun, and  its  Diflance  from  (bfi 
fame. 

And  'uict  verfa  the  Time  may  be  found  whena 
Planet  (hall  be  in  a  given  Heliocentric  Placc^  by 
finding  the  mean  Anomaly  fby  the  preccd.  Pwp.) 
from  the  coequated  Anomaly  given,  to  the  former 
of  which  the  Time  is  proporcional. 

Pro 
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Proposition  XXXV. 

AT*  n  given  T^ime  to  find  the  Geocentric  Tlace  of  a 
Flamij  as  to  Longitude  and  Latitude^  and  tie 
Difiance  of  the  TLnet  frem  the  Earth, 

Find  (by  Proj),  i8.)  the  Heliocentric  Place  of 
the  Earth  in  its  proper  Orbit,  at  the  Time  given, 
and  (by  the  preceding)  the  ticliocentric  Place  al- 
fo  of  the  Planet  propofed  in  its  Orbit,  with  the 
refpeftivc  Diftances  from  the  Sun. 

Let  5(in  Fig.  36.)  reprefent  the  Snn,  Tthe  place 
of  the  Earth  in  its  Orbit,  L  the  place  of  the  Pla- 
net in  its  Orbit,  Let  the  right  line  SN  be  the 
cdmmon  intcrfedion  of  the  Planes  of  thefe  Or- 
bits, which  is  extended  thro*  the  Sun^  ^becaufe 
the  Snn  is  in  both  Planes)  and  whofe  poficion  is 
given  (by  Trof.  19.;  Bcfides,  the  place  of  the 
Earth  T being  ^iven,  the  right  line  ST  and  the 
angle  TS  N\t\  the  Plane  of  the  Ecliptic,  are  gi- 
Ten^  and  the  Place  L  of  the  Planet  being  given, 
the  right  line  SL  and  the  angle  LSN,  in  the  plane 
of  the  Orbit  of  the  Planet  are  given.  Draw  thro' 
L  and  S,  and  through  L  and  T^  the  Planes  of  the 
Circles  of  Latitude  perpendicular  to  the  plane  of 
the  Ecliptic,  whofe  common  incerfe<ftion  the  right 
lineilE  (by  Pr<>p.  19.  E/fwi.  11 J  is  perpendicular  to 
the  plane  of  the  Ecliptic.  Draw  in  the  plane  of 
the  Planet's  Orbit  the  right  line  LJV,  perpen- 
dicular CO  SNy  and  the  line  EN  (by  theconverfe 
of  Prof,  IX.  Ekm.  11-)  will  aUb  be  perpendicular 
to  the  fame  SN. 

In  the  Triangle  SLN  rightangled  at  N", 
SL  and  NS  L  are  given  ^  from  whence  the 
Side  L N  will  be  given.  In  the  Triangle  LE  N 
righcangled  at  £,  there  are  given  the  Side  LN 
lately  found,  and  the  angle  LJVE,  which  (by 
Def.  6.  Elem,  11  )  ia  equal  to  the  Inclination  of  the 
Oibit  of  th^  Plaa^c  to  the  Ecliptic,  found  bv 
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Trop.zo,  L E  and  E  N are  therefore  gtren.  fiefides 
in  the  Triangle  LBS,  rightangled  at  E,  the  Sides 
JLE  and  LS  are  pvcn;  therefore  the  Side  SEy  the 
C»rtatt  Dljtance  of  she  Tlanit  from  the  Smt  H  given. 
In  the  Triangle  £5  iV,  befides  the  rightanglaae 
Ny  there  are  given  £S,  and  EN  found  before; 
therefore  the  angle  ESN  will  be  given,  the  Heli- 
ocentric Longitude  of  the  Planet  computed  in  the 
Ecliptic  from  the  Node  N :  But  the  Place  of  thO 
Node  in  the  Ecliptic  is  given;  wherefore  the  He-. 
liocentric  Place  of  the  Planet  in  the  Ecliptic  wfll 
alfo  be  known.  Again,  in  the  Triangle  7'SE^ 
TS  is  given  at  firft,  and  SE  was  found  jiift  now  j 
the  angle  TSE  is  alfo  given  (eqoxl  to  the  /Uin  or 
difference  of  the  given  angles  7S  AT,  Es  A/,  be-* 
canfe  the  three  right  lines  ST,  S  E,  S  N,  arc  in 
the  Plane  of  the  Ecliptic,  wluch  is  alfo  called 
the  Angle  of  Commutatiom  And  therefore  a\\  iha 
reft  is  given,  namely,  the  angle  r£ 5,  caU'd,  The 
PfiTfilltix  of  the  Orbit,  and  S'TE  the  ^Ung^tfon  of  the 
Tlanet  from  the  Sun-y  that  is,  the  pofition  of  the 
right  line  Tt^  or  the  Geocentric  Place  of  the 
Planet  in  the  Eclipric,  and  TE  the  Magnitude  of 
the  fame.  Laftly,  in  the  Triangle  TEl^  right- 
angled  a:  £,  the  Sides  TE  and  EL  are  givenj 
therefore  TL  the  Diftancc  of  the  Planet  from  thc^ 
Earth,  and  the  angle  LTE  the  Geocentric  Lad- 
tilde  of  the  Planet  will  be  knowo. 
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Section  IV. 

Of  the  greateft  Elongation  of  the  Planets 
from  the  Sun,  their  Direftion,  Station, 
and  Retrogradation. 

I  ProposiYion  XXXVL 

TO  determine  (he  greateft  Elongation  from  the  SkH 
of  a  given  Thnet,  feen  from  a  fuf  trior  ene  alfa 
\^i'veny  and  its  Time, 

Let  5  be  che  Sun^  TR  the  Orbit  of  a  more  re- 
mote Planet,  \_F$g.  jy.]  rPof  a  nearer.  Let  the 
I'adius  S/^of  che  nearer  Planet  bedrawnany  how^ 
and  perpendicular  to  it  KTj  meeting  the  morc» 
diftant  Orbit  In  T,  which  confequencly  (by  j6. 
,E/.  3.)  will  touch  the  Circular  Orbit  r^^P  in  ^. 
The  inferior  Planet  will  be  feen  by  the  fuperior 
In  T,  to  be  at  its  greateft  Elongation  from  the 
Sun  in  V:  For  a  right  line  drawn  from  any  other 
point  (as't;)of  the  Orbit  PF  to  T,  will  contain 
a  IciTer  Angle  with  TS,  Therefore  in  the  Tri- 
mgle  TVS^  rightangled  at  r,  the  ratio  of  thei 
Sides  J7i  S^  (namely  the  Diftances  of  the  given 
?Janets  from  the  Sun)  is  given;  therefore  the  0- 
:lier  angles  TSV^^  STl^  are  known,  the  latter  of 
vhich  is  the  greateft  Elongation  of  the  Planet 
rom  the  Sun,  the  other  TSF  is  che  angle  of 
Hommutation  or  Heliocentric  Diftanceof  thePla- 
lets.  Whenever  therefore  the  angle  of  Commu-" 
ation,  found  juft  now,  happens,  it  at  the  fame 
ime  happens  that  che  inferior  Planet,  feen  from 
he  fuperior,  is  at  its  greateft  Elongation  from 
he  Sun. 

We  have  hitherto  fuppofed  the  Orbit  of  both 
Ua^t&  to  be  Circular ;  but  if  due  regard  be  had 
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to  thux  EtIipDc  Figure,  cbe  Problecn  is  fb] 
lancti  afier  ihz  Banc  manner.     For  the 
SFTh  gt^'en.  tbac  the  right  line  rT  [^Fig 
coQching  che  Orbic,  oiakes  with   the   radit 
loaned  in  an  aflbmed  Angle  to  the  line 
ApMes;  bdkksSr  tf  ^>ren  in  cnagnirade,  (u 
Incliiudon  to  the  Dmmice  of  the  Aphelion 
ready  given  in  magnuude  is  known;  and  b* 
the  angles  AS ^,  «SKare  known,  alfo  the 
I^STj  (very  nearly  equal  to  that,  which  \ 
be  were  both  OrWts  circular;)  the  angle 
will  atfo  be  known^  and  confegucndy  S2 
be  known  in  magnitude;  from  whence  wj 
maim  is  done  as  before.    In  this  csf^  the  gr 
Elougjtioa  changes  according  to  the  differej 
itance  of  the  point  y  (wbei&  ii  is  cekbr 
from  the  Aphelion  of  its  proper  Orbic:  Foi 
greater  (ceteris  f^rihus)  in  «  the  Aphelion  * 
inferioFj  lefi  in  t  the  Perihelion,  a  mean 
mean  Longieude;  it  h  alfo  various^  the  p 
of  the  inferior  remaining  the  iame,  accord 
the  iuperior  is  Atuated  in  r  or  r. 

Proposition  XXXVII. 

ANT  Primary  Vianet  fsen  frem  a»j  ether  Ft 
off  ears  in  fame  part  of  its  Orbit,  Stattom 
another  DireS,  and  laplj  in  another  RetrograJe 
Lets  be  the  Sun,  [f%.  ;9.}aboutwWc 
Planets  revolve  from  D  thro'  C  towards  B,  t\ 
bit  of  ttie  nearer  P  T;  of  the  more  diflant 
tbe  arcs  delcrtjbGd  by  them  in  equal  fpac 
time  AR,  PJS. .  Draw  SR  any  how  m 
the  nearer  Orbit  in  P.  Between  S  Rmdi 
S  M  be  a  Geometric  Mean.  Then  (by  Tn 
7i.  X.)  the  Velocity  of  the  more  diftanc  Pfai 
to  the  Velocity  of  the  nearer,  zs.S^,  to 
But  the  Spaces  defcribed  by  Bodies  in  Mow 
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equal  Times  are  as  their  Velocities;  and  therefor© 
AR  is  CO  PB,  as  S¥  to  SM\  wherefore  AK\i  lefs 
than  VB,  And  it  is  plain  that  it  is  poflible  for  twd 
parallel  right  lines  HADh^  G^^g  t^  be  drawn 
thro'  A  and  R,  fo  as  that  the  arc  of  the  nearer 
Orbit  intercepted  by  them,  is  equal  lo  the  arc  P5- 
For  parallel  right  lines  may  be  lb  drawn,  that  as 
much  as  CD  (equal  to  TB)  is  greater  than  AR, 
fo  much  it  may  be  more  oblique,  (and  the  arc  of 
the  interior  Orbic  is  given,  which  is  as  oblique 
to  the  parallels  thro'  A  and  R  as  you  pleafe,)  that 
the  arc  C  D  compenfating  the  greater  length  by  its 
greater  obliquity,  may  touch  both  of  the  parallel 
right  lines  in  their  extremities.  Which  being 
fiippofed,  if  the  l^anets  be  found  in  fuch  a  fitua- 
fion  in  regard  of  one  another  as  A  and  D  are 
licre ;  that  is,  if  the  angle  of  Commutation  at  the 
$un  be  equal  to  the  angle  AS  D^  (which,  ic  is  e- 
irident,  it  will  be  twice  neccflfarily  between  the 
two  next  Conjundions  of  the  Planets  propofed 
feen  from  che  Sun,)  the  one  feen  from  the  other 
sll  that  fpacc  of  time,  wou'd  be  rcfer'd  to  the 
lame  Fix'd  Stars;  that  is,  it  would  appear  Statio- 
nary. For  the  foperior  at  A  is  feen  from  the  in- 
ferior atl>,  in  the  right  liceDyf//,  and  while 
tte  fupcrior  is  going  to  R,  the  inferior  is  going 
to  C,  (fincc  by  fuppofition  Z>C  is  to  ^R  as  the  Vc- 
liocity  of  the  Planet,  which  is  nearer  to  the  Sun, 
Is  to  the  Velocity  of  the  more  diftartjj  That 
tfcercfore  feen  from  this,  in  the  right  line  CK 
i^ill  be  referred  to  the  fame  place  among  the 
Ife'd  Stars,  to  which  ic  was  before  referred,  fincc 
Bie  difiance  between  the  Parallels  DA,  CR  rani- 
Sies  in  comparifon  with  the  diftance  of  the  Fix'd 
Stan.  And,  for  the  feme  reafon,  the  inferior 
defcribing  the  arc  DC  tiewed  from  the  fu- 
while  it  defcribcs  the  2r^AR  in  the  fame 
Gg  »  lime, 
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,  ckK  befcrc  dfec  Pbrnr^  irhidi  is 
S^*^  arriffcs  at  ike  befcreaoendoo'd 
of  she  Apenor,  dor  is^  the 
2«  before  « tnimor  arrive  at 
D%  ife  ooe  §1^  &oai  the  ccher  wiU  appear  ta 
mawcmfm(ufatU*  Forleccbcarc  DF^tak^n 
cq^  toPBor  DC,  and  Joia  rhs  n^^kt  Ibies  Kf> 
pR^  9SM^  prodace  cban  bodi  ways  in  KAFL  and 
JJCDL;  the)'  will  hoc  be  parallel^  bar  diverge  co- 
wardscbc  parts  beytMid  RA  (jn  refpe^  of  the  Sun, 
bat  oo  this  fide  they  will  converge  and  concur, 
for  ioilancej  in  the  p<^^  ^  iionx  whence  they^ 
will  agaia  divcrgs.  For  fmce  (by  lappoficioQ) 
DA^  C  R  are  paiallef^  aad  DF  equal  to  CD,  but 
jnore  oblique  to  i(Z>  than  CD  is  to  RC  ;  *tU  evi- 
dent that  DK^  FA  diverge  on  the  ocher  fide  of 
JLA^  and  conTerge  on  this  fiJe  ol  RA\  -ijIz^.  ei- 
thir  behind  DF,  if  it  be  in  thac  part  of  the  nearer 
Ofbic  thar  is  tamed  Eouards  R  (as  in  the  cafe 
of  this  Figure)  or  between  RA  and  DF^  if  in  rhat 
part  which  is  rurned  from  it.  If  now  the  infe- 
rior being  in  F,  the  fuperior  be  in  A^  the  latter 
yicvvcd  frum  the  former, ^iU  be  feen  in  A':  But 
the  inferior  bdag.arrived.  at />,-tK)&  Itipecior  is 
got;  to  R  (by  fuppyfition)  ^nd  is  feeji  from  it  at  J. 

)  BttC 


rB6ok  III.     of  A  sTK^N^^rT^lf^ 
But  to  come  from  the  iKuacion  of  K  to  the  fitua*; 

f  tion  of  i  is  to  move  in  coTife^uentia,  Or  to  be  Di-i 
red ;  for  any  of  the  Planets  feen  from  the  Sun^, 
moves  in  cQftJg^Heptia  from  A  to  R,  or  from  D  to 

t  C  Nay,  even  the  inferior  fccn  from  the  faperi- 
pr  ar  the  fame  time  fccrasDircA;  For  the  inferi-. 

I    or  in  F  will  be  feen  from  the fupcrior  Aa^  k^  and 
afterwards,  ij\e  interior  at  D  will  be  feeufrom  ch© 
fuperior  in  5  at  i  :  But  to  change  place  from  k 
to  iy  is  aifo  to  tend  in  cn^fc^uemia  ;  for  the  Sun 
Icen  from  any  Planet  feems  to  move  in  confe^uen^ 
$$a ;  namely  from  S  towards  ^  In  like  manner,  | 
afker  the  Planet,  which  is  nearer  to  the  Sun,  has.  ; 
palTed  the  fecond  Scatioji  at  //,  it  becomes  diredt  ! 
again,  and  continues  ib  till  the  inferior  arrive  a-  ' 
gain  to  a  fituation  in  refpe6t  of  the  fuperior,  (as 
is  D  in  regard  of  A  ;)  which  it  will  do  after  it  has 
compleated  an  intire  revolution  from  the  for- 
mer place  Py  and  fo  much  of  another  beliJes,  a^  i 
js  rcquifite  for  it  to  recover  the  faid  ficuation  a*  j 
gain,  in  regard  of  the  more  diftant  Planet,  that  1 
had  in  the  mean  time  gone  forwards- 

Ifay  thirdly,that  the  one  will  appear  Retrograde 
to  the  other,  after  that  the  Planet  chat  is  ;icarer  to  ! 
the  Sun  has  got  beyond  the  above  defcribed  boun- 
dary DC  of  the  firft  Station,  and  has  not  arrived  \ 
at  the  fecond  c  d  Let  C  £  be  taken  equal  to  P5, 
or  DC;  draw  the  right  lines  CAyER^  and  jet 
them  be  produced  both  ways  into  OCAToy  and 
NERTny  which  are  not  parallel,  but   diverge  . 
fowards  the  parts  C  £,  and  converge  towards  AR^ 
and  being  produced  meet,  for  inftance  in  T,  be*  | 
paufe  by  fuppofiaon  DA,CR  arc  parallel,  and  , 
C  £  is  equal  to  D  C,  but  lefs  oblique  towards  R  E  , 
than  C  D  is  cowards  RC.     If  now  while  the  fu- 
perior is  in  Ay  the  inferior  be  in  C,  this  will  be 
teen  from  that  in  O,  and  that  vice  varfz  >vi]l  be 
G  g  5  feen 
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Sfccn  from  this  in  o :  But  when  the  fupetior  is  got 

to  Ry  and  the  inferior  is  found  at  E^  this  will  U 

fecn  from  that  at  N,  but  that  will  be  feen  from 

this  at  ».    Bat  'tis  evident,  that  to  fecm  to  mon 

from  O  to  N,  dr  from  0  to  n,  is  to  move  contra-* 

ry  to  the  ordet  of  the  Signs  •  fmcc  firotn  S  to  ^ 

or  from  ^to  R  is  according  to  the  order  of  the 

Signs  ^  namely  that  wherein  the  Primary  jfecn 

from  the  Sun,  or  vice  'otrfa,  the  Sun  fecn  from  th« 

Primary  feems  to  tend.    And  this  apparent  Re- 

trogradation  of  the  Superior  feen  from  the  Inferi* 

or,or  of  the  Inferior  from  the  Superior,  continues 

from  the  celebration  of  the  firft  {latton  at  £>  c,  to 

the  fecond  vit  c  d;  But  by  reafon  of  tte  motion 

of  the  more  diftant  Planet,  this  icoond  Nation  is 

removed  a  little  in  ctmft^itcntky  ox  beyond  the 

place  cd  here  expreficd.   ''Tis  therefore  evident^ 

that  any  Primary  feen  from  another  Primary 

in  feme  part  of  its  Orbit  is  Direct,  and  in  fome 

Retrograde;    and  laftly,   in    fome    Stationary. 

COROLLARr.    I. 

Tis  evident  ftom  the  demonftration  of  this 
Propofirion,  that  a  fuperior  Planet  feen  from  an 
inferior  appears  at  the  fame  time  Dire<9-,  Stationa- 
ry, and  Retrograde,  that  the  inferior  feen  from 
that  fuperior  does. 

CO  R  O  L  L  A  RT  1. 

The  more  unequal  the  ratio  between  the  Or- 
bits of  two  Planets  is,  the  nearer  itsplacein  the 
Orbit  of  the  inferior,  in  which  the  inferior  is  found 
while  the  one  feen  from  the  other  appears  Sratio- 
Jiary,  is  to  that  point  of  it,  from  which  a  rigfit 
line  drawn  to  the  more  diftant  Planet,  totiches 
the  Orbit  of  the  inferior;  that  is,  where  the  in- 
ferior fden  from  the  fuperior  fby  Trop.  16  )  ap- 
pears in  its  grcateft  Elongation  from  the  Sun ; 
and  the  angle  greater  wherein  the  Sun  and  fupc» 

nor 
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I     rior  Planer,  fcca  from  the  inferior,  fcem  to  be  di- 

[  itant  from  one  another  For  the  greater  the  r^' 
tio  of  5  R  is  to  S  P,  the  greater  will  the  fubclupli- 
cars  of  the  latter^  namely  the  ratio  of  It  S  be  to 
MS;  that  is,  (by  conftra^aion)  the  ratio  of  CD 
to  R  A,  And  therefore  the  line  C  D  muft  be  more 
-oblique  to  RC  or  AD,  that  D^,  RC  may  bo- j 
come  parallel  •  but  it  is  crident  that  C  D  is  fo 
much  the  more  oblique  as  it  is  nearer  to  the  poinc 
of  the  inferior  Orbit,  from  whence  a  right  line 
drawn  to  R  touches  it. 

From  hence  it  is,  that  to  make  Saturn  Statin- 

nary  there  is  need  of  fo  fmall  a  receiEon  of  thd 

Earth  from  the  point  of  its  Orbit,  where  a  right 

line  drawn  to  Saturn  touches  it,    towards  the 

oint  where  the  Earth  comes  between  the  Sun  and 

turn  I  to  make  Jupiter  Stationary,  a  greater  re- 
lon  from  the  point  of  contad  of  the  Orbit  of 
die  Earth,  with  a  right  line  touching  it  drawn  to 
Jupiter;  to  make  Mars  the  grcaceft.  Therefore 
Saturn  is  Stationary-,  when  feen  from  the  Earth  it 
is  diftant  a  littJc  more  than  a  Quadrant  from  the 
Sun  ^  that  is,  between  the  Quarrile  and  Trine 
Afpcd  j  JujMter  will  appear  Stationary  almoft  in 
the  Trine  of  the  Sun  j  Mars  beyond  the  Trine. 

Hence  it  isalfothatthearcof  iheOrbic  ofMer- 
<ury  intercepted  between  the  point  where  Mer- 
cury is  feen  from  the  Earth  at  its  greateft  Elon- 
garion  from  the  Sun,  and  the  point  where  its  next 
Station  is  feen,  fubrends  a  lefs  angle  at  the  Sun 
than  the  arc  of  the  Orbit  of  Venus  contdns  be- 
tween its  greateft  Elongation  from  the  Sun  and 
next  Station :  And  therefore  fince  it  fubtends 
both  a  lefs  angle  at  the  Sun,  and  belongs  to  a  lefs 
Circle,  and  befides  is  prefented  more  Obliquely 
^o  the  Earth,  obfcrving  ir,  and  is  more  diftant 
from  it  i  'tis  evident  that  the  Stations  of  JV^crcury 
G  g  4  arc 
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^rc  much  msrer  to  its  greateft  Elongations  fnwa 

the  Stm  [ton  tboTe  of  VentL& 

COROLLaRT   5. 

•     And  from  hence  a^in  k  follows,  that  in  rt- 

t^icftof  the  lamcioierior^  in  two  fuperior  Plt- 
ncD  comp^r'd  cOBOcher ;  tbe  fa^rther  off  che  Sta 
the  fftpcrior  Planet  h,  the  longer  its  Rccrogndi^ 
don  continues  ;  for  (by  the  preced.  Ci*n./,)  icbe- 

f^  fooncr  anj  cnd^  iaur.    But  the  angle  of  Re- 

tsdgndation  is  kQ,  becauTc  the  Orbit  of  the  gi- 
%'en  inferior  Planet  feen  from  the  more  diflan: 
fuperior  Planet  appears  under  a  k6  angle,  thani/  I 

'ic  were  fccn  from* a  nearer:  From  itm Fr^p.  ;7. 
'risevident,that  the  angle  orReoograd!9ck>^n  (con- 
lain'd  between  two  right  iiaesfroca  the  fcipeWor 
Planet  oppoike  to  thi^^  Son^  totbepUccs  o(  nhe 
iofenoc  Orbit,  where  the  one  appean  Stationary 
to  die  other)  is  almoft  equal  10  the  angle  where- 
in the  Orbit  of  the  inferior  is  feen  ftora  the  fu- 
perior,  fines  the  above  mention'd  ptMDts  of  the 
Stations  are  net  far  from  the  points  of  conta<^* 

Hence  it  b^  that  the  Retrogcadation  of  Saturn 
feen  from  the  Eanh  ts  longer,  but  made  along  a 
lefs  arCj  than  that  of  Jupiter^  and  that  of  Jupiter 
in  like  manner  to  that  of  A4ars. 

COROLLART  4. 

-  «  But  in  rcfped  of  the  fame  fuperior,  in  two  in- 
ferior Planets  compared  together*  the  farther  off 
the  fuperior  Phnet  is  from  the  Sun,  the  longer 
is  its  Retrogradatlon  and  along  a  greater  arc. 
The  former  is  evident  from  the  preced.  Cor^j/^fincc 
the  Retrogradadon  of  two  Planets  is  mutual  by 
Csrd.  i;  -The  latter  is  evident  from  hence^  that 
a  Planet  that  is  more  dittant  from  the  Sun,  while 
it  appears  Retrograde,  defcribes  a  longer  arc 
flower,  and  therefore  fpendsmbre  time. 

Hence  it  is^  that  Venus  feen  from  the  Earth,  is 
both  longer  Rctrogtadej^ind  along  a  grea  er  arc 

than  Mercury,  CO&OLr 
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COROLLARX  5. 
Hence  it  alfo  follows,  that  v-hcn  two  fuperior 
planets  arefeen  from  an  inferior  in  Conjundrion, 
.  If  that  which  is  farther  off  from  the  Sun  be  Dirc<^, 
■that  which. is  nearer  the  Sun  will  alfo  be  Dired: ; 
.if  that  wl^chis  ijearer  the  Sun  beRetrogradCjthat 
fwhich  is  farther,  off  the  Sun  will  alio  be  Retrot- 
grade.  Let  S  reprefent  the  Sun  in  [Fi^.  40.]  IT 
jcbe  Orbit  ofan  inferior  Planet  ;  P  2,  Rf^thc  Or- 
bits_of  two  fuperior^  Plapets.  Draw  S  T  any  how 
interfeding'thp  Orbits  of  the  fuperior  in  S  and  i?. 
Lee  B  be  the  Place  in  the  Orbit  of  the  inferior, 
where  the  i^fefior  Planet  is  when  the  more  di- 
ftant  one  in  ^is  feen  from  thence  to  be  Stationa- 
ry ^  and  let  A  be  the  Place  in  the  fame,  where 
t^e  inferior  is  found  when  the  next  in  P  feen 
^rom  the  inferior-appears  to  be  Stationary,  Join 
(the  right  line  AP^  ASy  B  R^  ES,  From  CoroL  2.  it 
i»  evident  that  the  Place  A  is  nearer  to  the  point 
J  ?han  By  and  tliat  the  angle  Py^ 5  is  greater  than 
ii^B.V.,When  the  planet  in  /J,  appears  Dired:  from 
the  inferior,,the  Place  <?t  the  inferior  ought  to  bQ 
f^rfher  diftfint  from  J  than  the  Place  By  for  in- 
ftance  in  C  Suppofe  now  that  the  nearer  of 
the  fuperior  Planets  feen  from  the  inferior 
is  in  conjunction  with  the  more  diftanr  one, 
and  ir  wjU  fee  therefore  in  the  point  £,  where  the 
right  line  C  R  intcrfetas  the  Orbit  P  Z,  By  Pro^, 
^i.  Elem.  I.  the  angle  EC5  is  left  than  the  angle 
RBS ;  therefore  it  is  much  lefs  than  PAS, 
Therefore  a  Planer  feen  in  E  from  C  is  Direct  j 
becaufe  to  make  it  Retrograde,  'tis  requifite  tliat 
pes  be  greater  than  Pv4S,  which  is  requifiteto 
make  it  Stationary.  But  the  inferior  being  be- 
tween B  and  Ay  the  more  diftant  at  R  will  ap- 
»ppear  Retrograde,  and  that  whigl^  is  nearer  to  ic 
in  conjimclion,  ftillDired;  ^ecaufe  the  Planet 
f  hat  takes  th.Q  yijw;  is  qot  as  yet  arriv'd  to  th^ 
Umit  -:?.  '  * '         '  Buc 
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Bat  if  the  nearer  of  the  fuperior  Planets  a^ 
pears  Retrograde  at  P  from  the  inferior,  theb 
tcrior  will  be  between  A  and  /,  for  inftancc  in  fl 
If  now  the  more  diftant  Planet  appear  in  coo- 
jundion  with  it,  that  will  be  in  the  right  Sne 
DS  produced  to  the  Orbit  RJ^,  namely  in  F.i 
But  the  angle  FDS\%  ^eacer  (by  Vrtip.  ^i  EL  /.)| 
than  P  A  Sy  which  agam  is  greater  (by  what  Iw 
been  (hownj  than  RES.  And  therefore  the  raort 
diftant  Planet  feen  in  F  from  Dj  appears  Retro- 
grade,  fince  to  make  it  appear  Direft,  a  leifo 
angle  at  the  inferior  than  RB^  is  requifirc. 

And  hence  ic  is  that  when  Saturn  is  loen  from 
the  Earrhtobe  Direclj  Jupiter  andAlarscan'cbein 
conjundion  with  him  unlefsthcy  al(b  be  Drre<a-; 
or  Mars  can't  be  in  conjunftion  with  ]n^\terDf- 
red,  imlefs  when  he  himfelf  is  Dircd :  But  either 
Jupiter  or  Mars  Dircia  may  be  in  coniunftionl 
with  Saturn  Retrograde,  and  Mars  Dire<^  may  be 
in  conjundion  with  Jupiter  Retrograde.'  But  JO" 
pitcr  and  Saturn  can*t  be  in  conjundion  with 
Mars  Retrograde,  unlefs  they  themfelves  be  Re- 
trograde ;  or  Saturn  with  Jupiter  Retrograde, 
unlefs  Retrograde. 

Lemma. 

C~^  I'ven  in  the  ijuadrilateyal  figtift  C  G  D  K  [Flf 
X  41]  infcribtd  In  a  Circle y  (^e  cf  ^i^hofe  fi£i 
C  K  is  a  dfamt:er  of  the  Circle y)  the  fide  CG  and  tk 
diagonal  C  D,  tcgether  with  the  ratic  betwien  the  ^ 
fftfite  fide  K  D  nnd  the  other  diagoftal  G  K,  {tbefttim 
thin  is  between  the  givc^  ^fg^^  lines  N  and  M;  )  ft) 
find  the  angle  G  C  D  contained  hcf^ecn  the  grvenfiJ^ 
and  the  given  diagonal, 

Bccaufe  the  fum  of  the  Squares  of  the  right  lines 
CG  and  XG  is  equal  to  the  fum  of  the  Squares  c^ 
the  right  linesCD  and  KDy  (for  each  of  the  fums  arc 
equal  to  the  Square  o{CK})  the  difference  of  the 

SquarcJ 
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i^quarei  of  the  right  lines  G  K  and  K  D  will  be 
equal  to  die  difference  of  the  Squares  of  the  right 
lines  CD  and  CG^  and  confeqacntly  given.  More- 
.over,  becaufe  GK  is  to  DK  zs  M  is  to  N,  the 
[square  oi  G  K  Will  be  to  the  difference  of  the 
l&quares  of  GK  and  DX,  as  the  Square  upon  the 
right  line  M  h  to  tlie  difference  of  the  Squares 
upon  M  and  N ;  being  made  out  of  thofe  in  the 
fame  ratio  with  them  that  are  fimilaHy  made  out 
of  thefe,  which  are  proportional  to  thofe :  There- 
fore the  Square  upon  GK  (by  Dat,  z.)  will  be  gi- 
ven ;  the  Square  alfo  of  CK,  made  up  of  the  given 
Square  of  GX   and  the  Square  of  CG,  is  alfo 
given :  Confeqnently  the  right  lines  themfelves 
C^  and  GK  are  given,  the  right  line  DK  is  alfo 
given,  becaufe  it  has  a  given  ratio  to  GK.     But 
it  is  a  known  Theorem  among  Geometers,  de- 
nionftrated  by  Vtolemy^  B.  i.  of  the gre.H  ConftruBl' 
vn,  Chap.^.  that  in  a  quadrilateral  CGDK  infcri- 
bed  in  a  Circle,  the  redangle  contained  under 
C  D  and  G  X  is  equal  to  the  rectangle  under  C  G 
and  DX,  together  with  the  redangle  under  CK. 
and  G D.    And  therefore  the  redangle  under  CD 
and  GKy  leffcn'd  by  the  ret^angle  under  CG  and 
A  D  is  equal  to  the  reftangle  under  C  K  and  G  D. 
But  the  redangled  Parallelograms  that  are  con-  ' 
tained  under  the  given  right  lines  are  given,  and 
the  difference  of  the  given  rectangles  is  given  ; 
and  confequently  the  redangle  under  CK  and 
PG  is  given,  and  CK  is  given  ;  therefore  GD  is 
given.     And  the  three  fides  in  the  Triangle  GCD 
being  given,  the  angle  GCD  will   be  found,. 

Proposition  XXXVIII. 

TO  fnJ  the  Angle  of  Commutation,  wherein  two 
given  Tlanetsfeen  from  the  Sun  are  di[tanty  and 
^yhe  angk  wherein  the  Sun  and  ehher  oftb$  Tlitnets  fecn 
■^'  fram 
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from  tbi  other  arc  Jifisvf,  "when  me  of  the  gi^en 
mcti  ften  from  the  ether  apptart  Stationary, 

Let  S  be  che  Sun  [  Fig.  42.]  RF,   FT  the  Oft 
bits  of  the  giren  Planets  ;  and  let  CD^  RA  be 
the  Arcs  defcribed  in  the  f^me  time  by  theP^- 
fiets,  while  they  are  fecn  from  che  other  Statio- 
Dary,  which  arc  given  by  what  h^  been  faidai 
P'-f  •  57-    Join  5  R,  SC,  and  RC^  A  D,  which  (by 
tf^c  preced. )  will  be  parallel.    Thro*  C  draw  chc 
rtnes  CG  parallel  to  RAy  alfo  thro'  G  the  right  linfi 
(JK  parallel  to  R  5,  and  thro'  D  the  right  line  DI 
par^^llcl  to  C  Sy  which  may  meet  in  Ky  join  the 
right  line  CK.    The  Triangle  GKD  wilj  be  cqoir 
angular  to  the  Triangle  R  5  C,  ffince  e^ch  pf  the 
fides  of  that,  is  parallel  to  each  of  this,  J  nnd  con-* 
fequently  fimilar.    Becaufe  the  Time  o£  the  Sta- 
tion of  the  Planet  is  very  fmall,  if  compared  with 
the  periodic  Tjme  even  of  the  fwifceftj  the  line 
C  I>  does  not  fcnfibly  differ  from  a  right  line,  as 
alfo  R  -^  or  C  G,  much  lefs.   The  former  therefore 
does  noc  differ  from  HC  aright  line  produced 
touching  the  Orbit  PT^inC,  and  the  btrer  pro- 
duced will  be  the  right  line  C  L  perpendicular  tQ 
SRy  as  ^R  is  to  the  fame.     Moreover,  a  Circle 
made  upon  chc  diameter  c  K  paffes  thro'  D  and  (7, 
becaufe  the  angles  CG  K^C  D  K  are  right ;  being 
by  condruiSion  equal  to  the  right  ones  5LC,  SCH, 
CGDK  therefore  is  a  Q^uadrilateral  infcribed  ia 
a  Circle,  one  of  whofe  iides  C  iC  is  the  diameter 
of  the  Circle,  and  in  which  are  given  the  fide  CG 
and  the  diagonal  C  D;  as  alfo  the  ratio  between 
the  oppofice  fide  D  K  and  the  other  diagonal  G'X, 
namely*  the  fame  that  there  is  between  the  Senri- 
diametersC5,   R  5  of  the  given  Orbits.    And 
therefore  fby  the  Lemma  premifed)  the  angle 
QCD  will  be  found,  to  which  the  vertical  angU 
HCL  is  equ:il  ;  and  to  this  again  the  angle  RSC 
is  ecjual,  which  is  the  AngU  of  CommiKation, 

where- 
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whereby  the  two  given  Planets  feen  from  the  Sun 
ftre  diftanc,  when  the  one  feen  from  the  other 
Appears  Stationary.  Morcofer,  in  the  Triangle 
R SC  the  two  fidei  S  R,  SC,  and  the  angle  RSC 
contained  by  them  being  given,  the  angles  SRC^ 
SCR  will  be  found  ;  the  former  of  which  is  that 
angle  whereby  the  inferior  is  diftant  from  th« 
Sun,  while  it  appears  Stationary  from  the  fuperior, 
the  latter  is  the  angle  whereby  the  fuperior  is  di- 
ftant frota  the  Sun^  while  ic  appears  Stationary 
from  the  inferior. 

This  Method  of  defining  the  Points  of  the  Sta- 
tions fit  for  Calculation  and  more  natural,  and* 
as  it  were  depending  upon  the  motion  of  theSpe- 
liator  about  the  Sun,  I  havedemonftratcdi  pafGng 
over  the  Geometrical  Conftrudion  of  this  Pro- 
blem laid  down  by  Ptolemy  in  B.i^.  vfhlsAlmag^jt^ 
accomodated  to  the  Hypothefis  of  the  Earth's'be- 
ing  at  reft,  wliich  AfoUonius  Perg^m  formerly  gave; 
and  which  Copermcus  notwithftanding  fays,  that  it 
no  left  agrees  with  his  Principles  of  the  Motion  of 
the  Earth,  in  /i.  c.  Cb.  ^  y.  Re^olut,  and  which  you- 
may  fee  in  the  aoovemention'd  Authors.  '  '* 

If  the  plane  of  two  Orbits  be  not  the  fame,  the 
one  may  be  reduced  to  the  other,  as  letting  fall 
from  all  the  points'  of  the  Orbit,  which  is  to  be 
reduced,  perpendiculars  to  that  other,  by  which' 
means  the  circular  Orbit  becomes  Elliptic,  the 
che  Elliptic  is  changed  into  another  Elliple,  or 
perhaps  into  a  Circle.  But  a  new  Orbit  is  more 
eafily  drawn  (by  Frop.  33.)  thro'  five  Points,  two 
of  which  are  the  fame  with  two  of  the  Orbit,  to 
whofe  Plane  the  other  is  reduced,  namely,  the 
common  Se<aions  of  that  with  this^  the  three  o- 
chers  are  found,  by  feeking  the  Curtated  Diftances 
^om  the  Sun,  as  was  done  in  Prop."^^.  And  if 
thp  other  Orbit,  or  both  after  the  redueflion  be- 
cpii^§  j^lliptic,  the  Probkm  is  coafliuded  in  rhem 
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inesn  Time  pircb^  upon  according  to  the  rec^ 
of  cbcplace>  for  winch  the  Tables  ait 
yoo  Ittie  aiarfced  by  the  help  of  the  ^r^ 
Propo6tioiB,  the  Heliocentric  Lon&mde 
of  the  laid  Ptaocc,  of  the  Apheiioa  and  aicsai- 
ingNodecf  theGuDc;  the hdt  wheseof,  namdf 
cteDifttocse  at  the  Plaact  from  die  Eqoinodiil, 
OKkfifisof  cwoberCTttgCDCOtapans;  nsmely  t^^ 
dMbuce  of  the  AphcKop  of  cbe  Pbner  from  the 
Equinox,  cxpccffcd  by  the  angle,  and  the  difiaDce 
of  cbePtaoct  fiosD  the  ApheHon^  exprefled  by  the 
arex  of  ks  Orbif* 

la  the  (econd  pbce,  the  M^an  Moctons  frotn 
the  Equine?!  of  the  Pboct  it  felf^  of  the  Aphelion 
aad  Nod.^,  for  fmgle  Years,  Teos,  Hundreds^  d^^^ 
alio  for  Months^  iSays*  Hoar%  and  parts  oE  Hours, 
ate  difpofed  into  Tables. 

lo  the  thixd  place,  a  TaWe  is  fabjoincdj  e^W- 
biting  the  cnie  Anomaly  of  the  Planet  to  the  feve- 
ral  degrees  of  the  mean  Anomaly  of  the  fanie^ 
This  Table  may  be  made  either  by  Fn^.  ;,  or  by 
Approximation  by  the  4^^,  6^^^  or  7*^^!  Propofid- 
onSj  according  to  the  nature  of  the  Approxima- 
tion which  a  Perfon  has  a  mind  to  ufe. 

In>he  fourth  place,  you  have  a  Table  exhibiring 
the  Diftance  of  the  Planet  from  the  Suu,  (found 
by  the  fame  Propofitions,  together  with  Pny.  22,) 
in  parts,  whereof  the  mean  Diftance  from  the 
Earth  contains  100000,  for  the  federal  degrees  of 
the  mean  Anomaly,  Thefe  two  Tables  are  ad- 
vantageoufly  reduced  into  one,  by  fettingnextro 
each  degree  of  the  mean  Anomaly,  the  agreea^ 
ble  tnie  Anomaly  and  correfponding  Diftauccw 
To  thefe  Diftances,  for  cafe  of  CakuIation>  are 
annexed  the  correfponding  Logarithms;  or  evea 
dje  Logarithms  of  the  Diftancts  alone  are  difpofecl 
into  Tables^  licce  th&y  are  fufficient  for  Calcu- 
lation, 
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In  the  fifth  place,  is  put  a  Table  of  the  Centric 
Latitude^  or  Inclination  of  a  Planet  to  the  Piano 
of  the  Ecliptic  for  the  feveral  degrees  of  the  Di^* 
Aance  from  the  neareft  Node,  which  Diftanco 

Pom  the  Node  is  commonly  called  by  Aftrono- 
lers,  Tht  Argument  of  the  Latitude, 
In  the  fixth  place,  you  have  a  Tabic  of  Retlu-^ 
3lon^  whereby  the  Place  of  a  Planet  in  its  proper 
"C)rbit  is  reduced  to  a  Place  in  the  Ecliptic,  (hew-* 
ing  how  much  more  or  lefi  forward  it  is  in  the 
I  latter  than  in  the  former. 

In  the  feventh  place,  you  have  aTable  fliewing 
iiow  much  the  interval  of  a  Planet  from  the  Sun 
,in  its  proper  Orbit  is  to  be  curtated,  to  reduce  ic 
Ao  the  plane  of  the  Ecliptic,  by  letting  fall  from 
jchePlanec  a  perpendicular  upon  it.     And  fihco 
ithefe   three  (namely  the  Inclination j  Redudiori 
!  and  Curtation)  are  fitted  to  the  feveral  degrees  of 
the  Argument  of  Latitude,  the  three  preceding 
Tables  will  commodioufly  come  into  one;  as  was 
faid  before  concerning  the  third  and  fourth  Ta- 
bles.   Thefe  three  things  are  found  by  common 
Trigonometry,  having  the  Inclination  of  the  Or- 
bit of  the  Planet  to  the  plane  of  the  Ecliptic^ 
which  is  done  by  Vrof,  20. 

in  the  eighth  place,  is  advantageoufly  placed 
the  Angle  of  Commutation  (found  by  ?roj>,  ;8.) 
making  in  that  Planet  an  apparent  Station  front 
ihe  Earth.  Andbecaufe  neither  the  Orbit  of  the 
planet  nor  of  the  Earth  is  circular,  neither  can 
the  fame  Angle  of  Commutation  ferre  in  every 
cafe,  nor  the  fame  in  the  two  next  Stations  j  the 
Angles  of  Commutation  producing  both  the  firft 
and  fecond  Station  of  the  Planet,  are  difpofed 
into  a  Table,  for  four  or  eight  of  the  principal 
Anomalies. 

I^cry  one  of  the  Inferiors  may  commod?- 
c  added  a  Table,  (made  by  Vrov.  ;6,)  coa- 
H  h                        lexing 



4^6        The  E  L  £  M  E  KTS       BooV 

lexing  with  the  former^  of  the  Angles  of  Cjom- 
xnucuion  in  the  grcateft  Elon  of  the  1%| 

ncc  from  the  6un,    as  weH  t  ^thelLafta 

towards  the  Weft,  fitted  to  the  lame  Anumjfo. 
Tothcf^jtheDepreflionoftheSun  below  theflori-i 
zon  in  the  Moments  of  Heliical  Rifing  ur  Sct-I 
ting  is  alil>  added.  And  thefe  are  the  cotTtmot; 
Tables  qfually  made  by  Aftronomers  for  the 
ready  tindtng  out  the  Places  of  the  Planets. 

Proposition  XL, 

TO  cjJcuIast  the  Htliocmtrk  and  Geoermtrsc  P/t^I 
of  any  Planet  J  in  regard  tf  Lbngstuie  ^ni  LmA 
tirade  at  any  tsmt  frapofedj  hy  tbt  brif  sf  rbe  ^kovt 
fcribtdT^bhs^  and  to  define  its  Faff<>nu 

Firftof  all,  let  the  Time  propoliodbc  cqnarei 
45  was  (hewn  In  Prof,  xy  ;  kt  the  Phce  of  r! 
E?inh  fcen  from  the  Son,  and  its  Diftancc  troi 
the  ^ua  be  found  for  cine  msiin  Time  as  in  d 
iS'^  And  fince  by  the  help  of  the  firft  TabI 
ac  the  aflam'd  Epocha  there  arc  given  the  dirtar 
CCS  of  the  Planet  propofed,  and  of  its  Apheljoj 
and  afcending  Node  from  the  Equinox  ;  and 
the  fecond,  their  Mean  Mo  ions  madeV.<itw< 
the  Paid  Epocha  and  the  Time  propof  ^,  Hebj 
equated,  as  was  faid  ;  the  mean  DiftariLc  of  tl 
Pliinet  from  the  Equinox,  ajid  the  Diftanc.-s 
the  Aphelion  and  the  Nodes  from  the  fj 

be  given.     The  diiF:-ence  of  the  two  t\. 

the  Planets  mean  Anomaly;  to  which,  the 
fpondent  true  one  or  angular  I"!  ■ 
ft  incc  from  its  Aphelion  may  be  ch^,...,  .  .: 
third  Table  ;  and  out  of  the  fourth,  the  Difhni 
of  the  Tame  from  the  :>\xn.  The  Distance  of 
Planet  from  the  Node,  or  the  Argument  of 
litude  will  likewjfebe  given  j  to  which,  the  a. . 
tponding  Inclination,  or  Centric  Latitude  may 
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BO,  out  of  the  fifth  Table ;  and  otlt  6f  thtf  | 
h,  the  Reduftion,  whereby  ic  is  reduced  to  th^  I 
iptic;  and  out  of  thefevcnth,  the  CurtatiOiijJ 
ich  being  fubcraAed  from  the  Diftance  of  thi  j 
net  from  the  Sun  in  its  own  Orbit,  firft  takem 

of  the  fourth  Table,  leaves  the  Ciutate  Di^*  J 
ice  of  the  Planet  from  che  Sun,  f  I 

^fter  this  manner  may  be  had  the  foll6^in^*l 
igs  in  the  Diagram  of  prop,  !}y  j  tjiz.  the  righf  1 
\  ST  {^Fig.  4}<]  in  magnitude,  namely  the  Dkl 
ice  of  the £arth  from  the  Sun;  the  fimeirtl 
ition,  namely  the  Heliocentric  Place  of  thdl 
th;  the  right  line  SE  in  magnitude,  vie*  thdl 
rtace  Diftance  of  the  Planet  from  the  Sun;  ktxm 
fame  in  pofecion,  namely  che  Place  of  thdi 
net  reduced  to  the  EcHpcie ;  And  confcquetitiyJ 

angle  7S£  is  given,  contained  between  right' 
is  given  by  poficion,  which  is  alfo  the  angle  o^ 
mmutation;  therefore  the  angle. S7*£  the  £- 
igacion  of  the  Planet  from  the  Stin  feen  front 

Earth  will  be  found.  But  the  Place  of  th^ 
ti  ftQti  from  the  Eanh  is  given ;  and  therefor^ 
!  Geocentric  place  of  the  Planet  in  the  EcUp* 
,  and  Te  the  Diftance  of  the  Planet  from  the* 
:th  are  given. 

\gain,  becaufe  L  £  is  perpendicular  tb  thQ 
ne  of  the  Ecliptic  TSNE,  the  Triangles 
!L,  TEL  are  rightangled  at  E;  and  therefore 
:  Tangents  of  che  angles  ET Li  ESL  are  irt 
I  fame  ratio  with  £  5,  ET:  But  ESL  is  tha 
lioceotric  Latitude  of  the  Planet  firft-  takca 
t  of  its  proper  Table,  and  the  ratio  of  ESia 
'^is  given;  for  the  right  lines  themfdves  are 
fen,  (but  the  ratio  of  thefe  is  the  lame  with  the 
So  of  the  Sines  of  the  oppofite  angles  STE  of 
Jngation,  and  TS  E  of  Commutation;)  where- 
:qETL  the  Geocentric  Latitude  of  the  Plancc 
Imownft 

H  h  3  More* 
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^odes  of  the  Orbits  of  the  Planets  to  be  at  reft; 
as  Street  of  all  the  Planets,  Flamjtead  atleaftofth* 
Apiides  of  the  Earth., 
*  For  every  Planet's  Radixes  are  to  be  fettled, 

S^  ot  of  the  Longitude  of  a  Planet,  and  of  its  Aphe- 
on  and  Node,  as  before,  but  of  the  mean  Ano- 
inal.v  of  the  Planet :  And  the  Motion  of  the  Ano- 
maly for  Years  andfums  of  Years,  Months,  Days, 
(or  rather  for  the  particular  days  of  the  fcveral 
Months  current,)  Hours,  &c. 

To  thefe  are  added  the  following  things, which 
always  continue  the  fame,  determining  the  fitua- 
tion  of  the  Orbit  of  the  Planer,  and  exhibiting 
the  iniire  Theory  expreffed  by  numbers ;  namely 
1:.  The  Diftdnce  computed  in  the  Ecliptic  of  the 
Aphelion  from  fome  one  of  the  Fix*d  Scars  (for 
inftance,  the  firft  of  Aries,  or  the  difference  of 
Longitude  of  the  faid  Fix'd  Scar  and  Aphelion  of 
the  Planet,  which  is  called  the  Longitude  of  the  A-- 
'  tbellon  from  a  Fixd  Star.  2.  The  Longitude  of  rlie 
afcending  Node  of  a  Planet  from  the  fame  Fix'd 
Scar.  3.The  Inclin.ition  of  the  Oibicof  a  Planet  to 
^he  plane  of  the  Ecliptic.  4,  The  Magnitudes  of 
the  greater  Axe  r.i  the  Orbit  of  a  Planet  and  of  its 
Excent  icity,  expreffed  inparts,whefeofthe  mean 
diftancefrom  the  Earth  contains  looooo.  For  from 
rhcfe,  by  the  refpeotivc  Propofitions,th«Longitudc 
of  the  Planet  from  the  firft  Star  of  Aries,  the  Incli- 
narion  or  Heliocentric  Latitude  Northern  or  Sou- 
thern, and  the  Curtate  diftance  of  a  Planet  from 
the  Sun  are  found,  for  any  n^ean  Anomaly  of  the 
Planet.  Out  of  thefe  artificially  annexed  to  the 
mean  Anomaly,  to  which  they  belong,  are  made 
Tables;  though  inftead  of  the  Curtate  Diftancc 
itfelf,  the  Logarithm  alone  will  fuffice  for  Calcu- 
lation. Forfmce  (by  Prop.  45.  B.  i.)  the  mutoat 
fituation  of  a  Fix'd  Star  and  the  Orbits  of  the  Pla- 
nets remains  the  fame,  or  th^  Lines  of  the  Nodas 
H  h  J  and 
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luid  ApGdes  are  at  reft^  (ar  lead  thty  are  taken  to 
betobf  cbofe  AacfaocSyJ  to  thefame  point  of  de 
^UDe  Orbic,  dai  v,  to  the  fine  mean  Ar^omaly^ 
ttiele  thm  ccocimie  tbe  fame  and  rnivarv.  d  in  tfc 
^me  Pbnet.  Tbefe  being  taken  our  oF  the  Ii. 
bics,  the  icft  it  done,  as  abure  in  die  Prcpofuioo. 
Bat  tbe  Loogicode  of  tbe  <irft  Star  of  Aries  2:1 
preo  Time  is  fotsftd  by  che  Tables  ofrhe  Ftii 
Snt%,  of  vfaich  (be  Frsf.  68.  B.  2.  Uliac  rcmaia 
aboat  the  PafEoos  of  the  Phnets  is  to  be  dooc  af> 
ccr  the  fame  manner  »  above, 

Soch  Tables  as  are  more  ready  for  nfe  than 
diofc  ibove^  are  calfca  EpSfm^rUts  ^ 

the  Cc. ;_....  j.i..*-«r,  being  calcolaced,  from  tb« 
pcrperoal  T^4es  dcfcribed  ibcre,  for  a  certajii 
number  of  Years,  and  thej-  ftcw  {bt  Places  of  the 
IcTcral  Planets  as  to  Longiiudc  and  Ladcude, 
ibcir  PafEom,  and  mutual  Afpe^,  as  well  when 
they  are  rien^  from  the  center  of  tbe  Sun,  ai 
froni  the  center  of  the  Earth,  for  crery  day  ^  to 
which  alfo  are  added  the  Places  of  tbe  Moon  comi 
pQted  for  every  day,  its  Phafcs,  the  Edipfes  of 
the  Stm  and  Moon,  and  other  things  found  in 
tbe  following  Book. 

PtOPOSITION  XLt. 

IN'  the  Prhnjsrj  Flowers  cpmpartj  fcf^rrirr,  tk 
S^msres  tf  tht  PerUJlc  Timtj  are  as  tbe  Cnhai 
the  grfoter  Axts  ef  tbe  Ellipse  Oriixsy  ut/t A  ihej  k- 
fcriit  aiM  tin  Sun, 

Let  5  [FTf.44.]  reprcfcnt  the  Sun;  MFTi^ 
the  Orbit  of  the  Earth,  whofe  Apfides  are  M^r^ 
N,AEPBxht  Orbic  of  any  other  Planet, whofe 
Apfides  are  A  and  P,  which  are  fuppofed  to  he  ib 
delineated  in  the  Scheme,  as  that  the  Inclinarioi^ 
©f  the  lines  M  .V,  J  p  may  be  the  fame  with  that 
found  by  what  has  been  fiid  about  the  Lines  of 
the  Apfides  of  the  laid  planets  in  the  Hcavew 
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an^  the  ratio  of  the  Cubes  of  them,  the  fame  with 
fhacofrhe  Squares  of  the  Periodic  Times  of  the 
lame  Planets,     i  fay,  that  the  Orbit  of  the  Earth 
fcmainingj  ano  her  Planet  can't  move  in  any 
other    Ofbic    beiidcs    that    juft  now    defcribed 
A  EP  B,    For  if  it  can,  let  the  differenr  Orbic 
of  the  ftid   Planet  be  as-t/J;  that  is,  preatcr  or 
kfs  than  the  Orbic  AEPB.    Let  f  dene te  the 
pcint  in  the  Orbit  of  the  Earth,  wherein  the 
Earth  is  wh<.n  it  is  in  conjun<!^ion  with  any  o- 
ther  Planet  Helioctntriylly.   The  line  S  F  drawn 
Cand  ii  need  be,  produced)  will  ftiew  in  the  Orbit 
jiEP  B,  the  point  B,  wherein  the  other  Planet 
would  chen  be  found  if  it  moved  in  this  Orbit  j 
and  in  the  Orbic  ai-r/?,  which  it   is  fuppofed  to 
defcribe,  the  point  ^,  in  which  it  is  really  found. 
The  Earth  removing  from  F  and  the  other  Pla- 
net from  j9,  after  a  certain  time,  let  the  former 
be  found  in  T,  the  latter  in  $:  5«  joined  will 
liieei  the  Orbit  A  ET  B  inxht  point  £,  in  which 
the  Planet  would  hyve  been  found,  if  ir  hAd  de- 
fcribed  the   Orbit  AEPB,   fince   the   Pci iodic 
Time  isfuffici  ntly  known  and  certain.  The  right 
lines  £r,  iT  being  drawn,   the  angle  STt  will 
be  the  Elongation  of  the  Planet  from  rhe  Sun  at 
the faid  rime:   Put  this  Elongaiion  is  not  agree- 
able to  obiervation,  for  'tis  the  Elongation  STE 
(drawn  from  the  fuppofition,  that  the  Planet  de- 
fcribe >  the  Orbit  AEPB)  that  does.  And  there- 
fore fuppofing  MFT  N  to  be  thd  Orbit  of  rhe 
Barth,  that  other  Planet  does  not  defcribe  the 
Orbit  ttt7r0  different  from  the  Orbit  ^;  K  r  B, 
But  the  Cubes  of  the  greater  Axes  of  the  Orbits 
^  E  P  B,  M  F7  N  2VC  as  the  Squares  of  rhe  Peri- 
odic Times  of  the  Planets  moved  in  thofe  Orbits, 
And  the  fame  is  colleifted  of  the  other  Planets 
compared  wich  the  Earth,  for  the  likereafons: 
And  therefore  tx  ^jm,  in  any  two  Primar)'  PU- 
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Lfjnuwcii  cogptfacr,  tbe  Squares  of  the  Pen* 
arc  as  tbe  Cubes  of  the  greater  Axes 
^  the  Offcics,  wfaerdn  cbcy  are  carried. 

And  gnienlljrcfae  agreement  of  the  Places  hj 
calcoladon  witbtbolcobferved,  argues  the  nae 
situation  and  tnie  Spedes  of  the  Orbit  of  any 
Plaiiet,  as  well  as  the  true  Magnitude.  For  tht 
SHoarkms  of  the  Earth  and  che  other  Ptanecs  ^ 
lb  rarkxtOy  intcmrin^ed,  that  any  notable  erron 
commined  in  tbe  fectUng  the  Orbit  and  Theory 
of  any  Plinc:  would  fomctimes  manifeftly  diico- 
vcr  themfelves,  and  become  very  fenfible :  Bm 
on  the  cofurary,  the  Places  of  the  Planecj  drawn 
from  Tables  depending  upon  the  /aid  Theories, 
flrangely  agree  with  their  Places  by  obfcn^acion. 
The  very  fmall  difference  from  obfcrVAiion  in  the 
mean  while  i$  owing  to  ocher  caufes ;  namely 
the  .i(aion  of  the  Planers  upon  one  another,  the 
effcds  whereof  in  difturbing  the  motions  of  the 
Planers  are  afterwards  to  be  confidered,  and  their 
Orbic&  redtiiied  from  thence. 

Proposition  XLIL 

T//  R  Geocentric  Tlace  of  a  Planet  at  a  giutn  Tmi 
being  gi^ven^  to  find  by  the  Tables  the  Tlace  cf 
the  fame  J wt  from  a  given  Place  or  Habitation  upm 
ibe  fur  face  of  the  Earth  as  that  time* 

If  tlic  Habitation  given  be  not  in  the  fameTer- 
rcftrial  Meridian  with  the  Place  to  which  dje 
Tables  are  fitted,  let  the  given  Time  be  reduced 
to  the  reckoning  of  the  Place  oftheTables,  by  the 
Tables  defcribed5?<'^9.B.2.  To  that  Time  find  (by 
Vrof.  56.  /?.2.)  its  Altitude,  fcen  from  the  center  of 
the  Rarth,  above  the  horizon  of  the  Habiration 

?iven,and  the  Azimuth.  Let  the  Parallax  of  ihe 
un,  fhat  correfponds  with  the  Altitude  thuJ 
found,  be  taken  out  of  che  Table  made  by  Pw/r. 
47.  fi.  zi  from  the  Parallax  of  one  Diftancs  and 

of 
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ofone  Altitude,  or  known  by  fome  Prop,  of  the 
±^  Book,  or  by  one  of  the  following  :  And  (  by 
Prop,  48.  B,  z,  the  Parallax  of  the  Planet  in  the 
lame  Alcitude  afabve  rhe  Horizon,  will  be  to  the 
Parallax  of  the  Sun  taken  above,  as  the  Diftance 
©f  the  Sun  from  the  Earth,  co  the  Diftance  of  the 
Planet  from  the  fame ;  But  thefc  Diftances  in  the 
Place  of  the  Planet  to  be  computed  by  the  preced. 
were  known  ;  wherefore  the  Parallax  of  the  Pla- 
net correfponding  to  that  Altitude  is  found.  This 
therefore  is  to  be  Tubtrafted  from  the  Geocen- 
tric Altitude  found  above,  that  it  may  become 
the  Altitude  once  correded  in  the  given  Habita- 
tion. To  the  Altitude  thus  corredcd  add  the  cor- 
refponding Refradion,  from  the  Table  of  Refra- 
d:ion  made  by  Tro^^  66,  B.  a.  of  the  ufe  of  which 
we  have  fpoken  in  Trap.  68.  of  the  fame  ;  and 
you  will  have  the  apparent  Altitude  of  the  Planet 
in  the  given  Habitation,  the  Azimuth  firft  found 
remaining  unchanged.  From  this  apparent  Alti- 
tude and  Azimuth,  you  may  find  by  Prop.  26,  and 
27.  B.  2.  the  Planet's  place,  which  -will  be  the 
apparent  one  in  the  given  Habitation.  The 
lime  propofed  reckoned  in  the  Meridian  to 
which  the  Tables  are  fitted,  and  afterwards  re- 
duced to  the  Meridian  of  the  given  Habitation, 
fmce  it  is  a  mean,  (fuch  as  it  ought  to  be  when 
Tables  are  ufed)  'tis  reduced  to  apparent  Time, 
by  Trop,  17.  Therefore  the  apparent  Place  of  tho 
Planet,  at  the  given  Time  now  made  the  appar- 
ent; is  found. 
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Section  VX. 
Of  the  Magnitude  of  the  Orhitt  of  the  ?laneH, 
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N  what  precedes,  we  have  confidered  the  Plg^ 
neti  ihtmfclves,  as  fo  many  points  moving  ijj 
their  Orbiu ;  that  is,  wc  have  abftraded  frooi 
their  Magnitude.  And  in  this  cafe  ir  is  the  (amCy 
asio  the  Phenomena,  what  Magnicude  rhe  Or- 
bit of  any  of  chem  is  fuppofed  co  be  oi^  provided 
all  the  reft  have  that  rario  and  pofinon  ro  :his,  as 
dicy  have  in  nacurc.  Therefore  wc  hzvc  every 
where  fuppofed  the  common  me  1(111  e  o(  aU  cho 
Orbits  and  their  pans  to  be  rhc  greater  Axe  of 
the  Oibic,  chat  the  Earth  (rhc  Habiration  o{  the 
Spedacor)  defcribes  about  the  ^uii«  or  half  of  ir, 
the  mean  Dittance  of  the  Earth  from  tht  bun, 
without  being  concerned  dbout  the  Magnitude  of 
this  apparent  Diftance.  But  now  when  the  Mag- 
nitude of  the  other  Planets  comes  to  be  compared 
with  the  Magnitude  of  the  Earth,  the  aforeiaid 
Diftances  mu(t  be  compared  with  the  Diameter 
pf  the  Earch  .;  which  may  be  done  by  the  help  of 
^he  Parallax  being  known,  as  was  (hewn  in  bwktn 
And  tho'  the  Parallax  of  the  Planet  might  be 
found  by  one  of  the  methods  of  finding  tt^e  Pa* 
rallax  delivered  in  Boeki^  if  you  could  obferveit 
as  accurately  as  you  pleafe  •  yet  notwirhftanding, 
becaufe  there  are  fcveral  things  that  are  too  ob- 
vious which  are  an  hindrance  to  it,  I  fhall  pro- 
pofe  two  methods  by  which  this  obfervation,  fo 
flippery  as  it  Js,  may  be  made  without  any  dan- 

fer  of  a  notable  error.  In  the  firft  it  {hall  b« 
one  by  twoobfervations  made  together  in  two 
Places  of  the  Earth  ^  in  the  fccond,  by  two  mad< 
in  the  fame  Place  Pao; 
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PRoPoeiTioiT  XLIIL  V. 

0 

T  the  ConjunSltoH  of  two  Timet s^  ohfet'veJ  in  twi 
given  places  of  the  Earthy  to  find  the  Farail,^  x  of 

Let  the  true  Places  of  the  two  Planets' otfervc^ 
in  Corforal  Conjudion  (that,  is,  where  the  ond 
icems  to  touch  or  cover  the  Other)  be  Land  Ep 
Imagine  the  Circle  J  B  [F/^.  4^ .]  to  be  drawa 
chro*  the  vertices  A  and  it  ot  the  Places  on  the 
Earth.    Draw  the  vertical  Circles  A  E  M,  JLOi 
BEP,  B  LN,    Let  the  PIknets  be  obferved  frotn* 
one  of  the  given   Places  (namely  that  whofc 
vertex  is  A)  in  O  and  M    And  fince  the  Places 
are  given  where  the  obfcrvations  arc  made,  (by 
Prop,  %2.  B  i. )  the  difiference   of  the  Meridians 
will  be  given  ;  and  fo  the  names  of  the  Hours, 
whereby  any  the  fame  inllant  of  time  is  cxpret 
fed  in  the  faid  two  Places :  And  therefore  the 
fame  moment  of  Time  may  be  pitched  upon  to 
make  the  obfervation  in  the  given  Places.  There- 
fore at  the  fame  inftant  that  che  Planets  in  O  and 
fii  are  obferved  from  the  Place  whofe  vertex  is 
A,  lee  them  be  obferved  from  the  Place  whofs 
whofevertex  h  B^  for  inftance,  in  JVand  P;  Draw 
the  great  Circles  LE,  O  A/,  NP.    Obferve  al- 
io (cither  by  a  Micrometer,  or  what  is  inftead  of 
iO  Threads  (Iretched  various  ways  in  the  Focus 
of  the  Telefcope,  or  by  the  help  of  an  Icofcope 
throwing  the  Image  upon  a  Plane,  or  by  any  Or 
k  thcr  method  to  be  left  to  the  indufby  of  the  Ar- 
Ifift  )  the  magnitudes  of    the  Arcs  N?,  O  M, 
■(which  in  a  corporal  ConjuntSion,  by  reafon  ot 
■their  fmallnefs,  will  be  right  linesj  and  of  the  An- 
*glcs  VNBy  N?B,  AOM,  and  A  MO.    Now, 
by  the  Theory  of  thefe  Planets^  there  is  given  the 
ratio  of  their  Diftances  from   the  Center  of  the 
^  Evth,  from  whence,  and  their  Altitudes  Cobfer- 

ved 


I 
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fecondly,  the  refolution  whereof  will  give  tho 
.value  of  the  Root,  or  fine  of  the  Arc  LN;  from 
vhence  all  the  reft  chat  is  fought  will  becoma 
known.  But  if  fach  Places  upon  the  Earth  bo 
chofen,  as  have  the  Planets  pafling  the  common 
Azimuth  of  the  Places,  and  that  inftant  of  Timd 
wherein  one  of  (hem  is  in  the  faid  common  Azt- 
xnuth;  this  conftru<&ion  will  become  that  parti-' 
cular  one  in  Prop*  87.  Opt.  Prom,  of  James  Gregory^ 

Lemma- 

TH  E  Jifference  of  two  Quantities  and  the  ratid 
hefiveen  them  being  given ^  to  find  the  ^umti- 
ties  themfelves* 

Let  a  quantity  be  taken,  that  is  to  the  knowrt 
difference,  as  the  the  greater  term  of  the  given 
ratio,  IS  to  the  difference  of  the  terms  ^  this  quan^ 
tity  will  be  the  greater  of  the  quantities  fought : 
For  in  four  proportional  quantities,  the  products 
of  the  two  former  are  in  the  fame  ratio  with  th^ 
fimilar  produc9^  of  the  two  latter.lf  the  greater  be 
leflen'd  by  the  given  diifcrencej  what  remaiiji 
will  be  the  lefs,  ^ 

Proposition  XLIV, 

BT  nifQ  Obfer'uations  cf  the  fame  Corporal  Conjuff^ 
Bion  of  two  Vianet Sy  made  in  the  fame  Placcy  i&^ 
dttermine  the  Parallax  of  both  Planets. 

Let  the  apparent  motion  of  the  two  Planet* 
reduced  to  the  Ecliptic,  made  mutually  by  one 
another  (or  to  one  another)  in  a  given  time,  b^ 
obferved  near  the  Corporal  Conjunction :  And-J 
by  the  Theory  of  both  Planets,  known  by  the 
preceding,  let  their  motion  from  one  anothejp 
mutually  be  determined,  computed  in  iheEclip^ 
tic,  viewed  from  the  Center  of  the  Eanh,  made 
in  rhe  f^me  timt;  •  which  may  be  done  accura  eiy 
enough,  if  the  time  be  not  too  great,    From  theft 

arcs 
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•res  therefore  giren,  namely^  the  xxrxt  and  ap« 
liarcnc  tnacion  of  cKe  Planecv  from  oneaoochefj 
tna  ?e  in  the  Ut\\c  thne^  cbe  Ptrailax  of  both  is  u» 

Let  /^O  [Fff.  46.]  repretcne  the  Horizon;  Z 
the  Zenith,  anJ  £C  die  Ecliptic:  And  lec  S^k 
the  arc  of  tne  Edipiic^  wherein  the  Plaoei) 
(viewed  from  ihe  Center  of  the  Earth)  move  ma* 
cually  from  one  another  in  a  given  cime^  known 
JFroni  the  Theory  ;  and  AB  the  arc  of  the  Ech'p 
tic,  whereby  they  fccm  to  move  from  one  ano- 
ther In  the  fame  time,  known  by  OblervarioDf 
therefore  their  difference  is  given.  Thro'  A  and 
B  imagine  Circles  of  I  arituiie  ^1^/?.  JSJ^  drawn, 
meeting  the  Vertical.  ZH^  ZO,  drawn  thro' 5 
and  K,  in  D  and  F^  and  SAk  theParaWax  of  the 
I>ongitude  of  the  nearer  Pianet  from  the  more  re- 
inoce,  or  the  excefs  of  the  greater  Parallax  o? 
Xongicude  above  ^he  lefs  in  this  fittiation;  and 
yB  che  excefs  of  the  greater  Parallax  above  the 
Ids  in  the  other.  The  ratio  of  the  ztc  AS  no 
the  arc  BVis  compounded  of  the  ratio*  of  -^  5  to 
5D,  SD  to  TF,  and  KF  to  BK;  but  the  ratio  of 
AS  to  SD  is  known,  becaufe  in  the  rcdilineal 
Triangle  ^SD,  rightangled  at  A,  the  Tnangk 
ASD  is  given,  found  by  Frop,  36.  B,  x  ;  the 
^cio  of  SD  to  Kris  found,  by  Pr<?f- 47.  B.  a; 
and  the  ratio  of  TF  to  £  K  is  found  as  before,  19 
>he  ratio  of  AS  ro  SD^  wherefore  che  ratio  of -^5 
10  ^^' compounded  of  them  is  known;  But  tbf 
-diiFcrencc  of  the  arcs  AS  and  B^  h  alfo  knowii^ 
iiamely  the  fame  wirh  tb-?  given  difterencc  a 
the  arcs  AB  and  Sf^;  and  therefore  ( by  Leak 
|>reced.)  the  arcs  themfelves  AS  and  By  wiilfa^ 
^iven.  And  therefore  (  by  Dat.  z.)  SD  and  Ff 
ivill  he  given  -y  that  is,  the  excefs  of  the  greater 
Parallax  above  the  lefs  in  a  given  Alrirudc  :  ¥oi 
the  Altitude  HD  or  OF  may  be  oblerved  exaA 

enough 
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enough  for  that  purpofe.     And  from  thence  the 

cxcefs  of  the  greater  Horizontal  Parallax  above 

I  the  kf.  (  by  Frcf,  47.  and  6j.  fl.  2  )  will  alfo  bd 

I  given:  But   by  Pro;;,  jy  J  the  ratio  between  the 

Dift^inccsof  the  given  Planets  from  the  Earth  at 

(the  time  of  Obfei  vacionis  given,  (for  the  Diftance 
of  both  from  che  Earth  is  expreffed  in  the  part* 
J   of  the  meanDiftance  of  the  Earth  from  the  Sun;) 
*   and  therefore  the  ratio  of  the  Horizonral  Paral- 
|i    laxes  of  the  fame  Planets  is  alfo  given^  becaufb 
''   (by  Prc^. 48.  B.  2.)  the  reciprocal  of  the  former: 
And  therefore  (*  by  Lem  precedj  the  Horizontal 
Parallaxes  of    the  Planets  themfcives  are  alfo 
given. 
'        And  from  hence  the  Parallaxes  of  all  thePIa-* 
I    ne:s  are  determined.     For  the  Parallax  of  one  of 
'    the  Planets  being  given,   the  Parallax  of  all  of 
I    them  (by  Prop.  49.  B,z.)  are  given;  becaufe  (b/ 
I    the  preceding  Propofition)  at  a  given  time  the  ra» 
,    do  between  their  Diftanccs  from  the  center  of 

I    the  Earth  is  given. 
SCHOLIUM. 
Tho'  any  two  Planets  in  any  Conjunftion  faf^ 
tcr  the  manner  ftewn  in  the  preced.  PropofitionJ 
xnay  be  ufed  to  determine  the  Parallax  of  both,^ 
nay  any  Planet  (  Mars,   for  inftanoe,  in  his  A«* 
chronical  ficuation,  2nd  neareft  to  the  Earth)  iit| 
conjunAion  with  a  Fix'd  Star,  whofe  Parallax  h 
nothing,  may  fuffice  to  determine  its  Parallax^ 
^(at  thac  time  che  greatcft,)  one  of  the  inferior  Pla< 
lets  pafEng  over   the  difc  of  the  Sun,  is  fitteft 
>r  that  purpofe  ;  efpecially  Venus,  whofe  Paral- 
IX  is  very  fenfible,  becaufe  (he  is  then  nearer  j 
I  che  The»   y,  fo  far  as  it  is  neceffary  for  this 
'poie,  is  accurately  enough  known. 
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Proposition    XLV. 

TO  determine  the  gnatef  Jxes  of  the  Orbltt  of  tk 
Tlanets,  ExcentridtieSy  &C,   in  knoivn  meafttrej. 

For  any  time  ( by  one  of  the  two  preceding, 
or  any  other  method  fliewn  in  B.  2.)  find  the  h- 
rallax  of  any  Plancc,  correfponding  with  any 
known  apparent  Altirudo  -,  and  from  thence  tk 
ratio  of  the  Diftance  of  the  Planet  from  the  cen- 
ter of  the  Earth  to  the  Semidiameter  ot  the  Earth 
will  be  given  ;  numely  the  fame  (by  Frap.  46. 
B.2.)  with  that  which  is  between  the  firie  of  the 
apparent  Dittance  from  the  vertex  and  the  fine  of 
the  Parallax.  But  (hy  Vrop.  ;f.)  cbe  ratio  be* 
twecn  the  Diftance  of  die  Planet  from  the  center 
of  the  Earth  and  the  Diftance  of  the  tame  from 
the  Sun  at  that  known  time  ;  and  (by  the  preced. 
Prop.)  for  the  fame  Time  tbe  ratio  of  the  di- 
ftance of  the  Planet  from  the  Sun  to  the  grearei? 
Axe  of  the  Orbit,  and  its  Excenrricity,  d^c.  is  gi- 
ven :  And  therefore,  ex  zcijuoy  and  by  (D^^r.a.)  tht 
rario  of  thofe  right  lines  to  the  Diameter  of  rhe 
Earth  will  be  given ,  that  is,  all  thefe  Diameters 
of  the  Orbits  will  be  given,  expreffed  by  Diame- 
ters of  the  Earth.  And  fince,  by  the  ScboLoi 
Trop*  17.  B.  2.  the  Diameter  of  the  Earth  is  found 
in  known  and  familiar  meafures,  the  aforefald 
Diameters  of  the  Orbits  will  be  given  in  the  fame 

By  this  means  the  Diftances  of  the  Sun  and  Pri- 
mary Planecs  from  the  Sun  at  any  time  propofd, 
expreffed  by  Semidiameters  of  the  Earth  or  any 
other  known  meafures,  become  known.  .For 
thofe  Diftances  at  that  time  exprefTed  in  the  pam 
of  the  mean  Diftance  of  the  Earth  from  the  San 
are  known,  (by  Prep.  34.  and  ^y,)  andCby  this! tht 
faid  mean  Diftance  of  the  Eaxih  fromcheSun  n 
known  in  known  meafures, 

Secti* 


s'EcfioN  vit         \^ 

'pftheMagnitudeand  Density, of  the  Sun  and; 
t^rim^ry  planets. .  ' 

^  RRbrosmoN  XI.VI.  ■      t 

rrt^O  Jefin0  thc*Magniiudt  of  tht^  Sklg  and  Tftrtrtfrj' 

i '  ^Tis  very>pi^fier  in  this  plice^  bitVin^  laid  dowrl- 
the'Theery  6i  che  Plaoeis;  to  crcat  alio  of  their' 
Magnitude  and^Denfity,  upon' which  coiijun<SJ:ly 
the  Quantity  of  Matter  in  each -depends ;  efpeci- 
ally  fines  (bine  things  in  their  Motion  and  the  di- 
ihenfion  of  their  Orbits  come  to  be  rcdiifitd  by 
this  means.  ;    .      .  ..  ': 

r:Let  fonre  one  of  them  be  >*^,[%,  47.]whbfi? 
Center  is  p,arid  let  o  be  the  Eye  of  the  Obferver.' 

^oin  the  right  line  O  P,  along  Whioh  imagine  i' 
plane  drawn  cutting  the  fpherical  Body  of  the-StJd' 

mr  Planet  in  its  greateft  Circle  BJ€.  From  OdraW 

fxight  lines  OA,  OB  touching  iB,  and  join  the 
right  line  PA.  The  angle  AO  8  is  the  fame  with 
the  apparent  Diameter  of  the  faid  Body  at  0,and 

fishifedied  by  the  right  line  OF.  Let  this  be  ob- 
ferved  by  the  methods  well  known  to  Aftrono-^ 
sners^  by  which  means,  in  the  Triangle  AOT,  alt 
the  angles  will  be  known :  For  Cby  Frop.16.  EL  ;.> 
^  is  a  right  angle,  and  y4  O  P  fc  half  the  ob- 
ferv'd  apparent  Diameter  ^  hence  the  ratio  of  the 
fides  O  P  and  A  P  is  known :  But  (by  ?rop.  45-,) 
the  ratio  between  theSemidiameterofthe  Earthy 
and  OP  theDiftance  of  the  Planet  is  given  ^  thcrej 
fore  ex  ai^uo^  the  ratio  between  the  Semidiameters 
and  the  Earth  and  Planet  is  given  ^  therefore  the 
triplicate  of  this  is  alfo  given,  namely  the  ratio 
between  the  Earth  and  the  Planet,  But  the 
Magnitude  of  the  Earth  is  given  by  SdoL  Frcf^ 
J7.  B,  2  ;  and  therefore  the  Magnitude  of  the 
planet  (by  z  Dat.)  is  given.    ^Lr 


^ 


If  thro'  Tand  P  the  centers  of  the  Earth  and  I 

Planet  [i-'i^.  48.]  a  Pk^ne  be  drawn  cutting  them 

both,  the  common   fcdions  of  this   plane  with 

thofe  Bodies  will  be  ^cai  Circles  in  thetn,     Bol 

if  you  draw  the  Tangents  T  A^  PD,  and  join  TPA 

TD,  A  P  y  chefs  two  Uft  do  aimed  coincide  witbl 

arcs  defcribed  upon  the  Centers  T  and  F   and  A 

the  diftance  T*?  i  and  confequently  ihey  areiu 

the  fame  ratio  with  the  angles  T?D,  TT^  thn 

ihcy  fubcend,  the  latter  whereof  is  the  appareoM 

Semidiamccer  of  tiie  Planet,  the  former  its  Hori-I 

zontal  Parallax :  And  therefore  reciprocally  riw 

Diameter  of  the  Planet  is  tp  the  Diameter  ofl 

the  Earth,  as  the  apparent  Semidiamcrcr  of  ihffl 

Planet  to  its  Horizontal  Para/Zax.     But  the  rhre^ 

latter  terms  of  this  Proportion  are  given;  and 

therefore  the  firft,  namely  the  Diameter  of  tha 

Planet,  ., 

SCHOLIUM.  i 

By  the  aforeikid  method,  the  Magnitudes  oi 
the  Sun  and  all  the  Planets,  excepting  the  EardiJ 
may  be  accurately  compar'd  together,  Forrhdd 
Diameters  are  in  a  ratio  compounded  of  the  ratid 
of  the  Diftances,  and  of  the  ratio  of  the  Sines  oN 
the  femi-angles  under  which  they  appear,  tbid 
is,  ainioft  of  the  apparent  Diameters  :  Bur  the  z%\ 
cio  of  the  Diftinces  found  by  Vro^.  ;f.  is  the  iamd 
with  the  nue  by  ?rc^,  41  ,'  and  the  ratio  of  tm 
apparent  Diamerers  is  cercain  by  obfervation.  Bol] 
the  comparifonof  the  Magnitudes  of  thofe  Bodkj 
with  the  Magnimdc  of  the  Earth  dq^ends  ^jM 
the  Parallax  of  fome  Planet.  If  this  be  not  mH 
rately  given,  the  faid  comparifon  can'c  be  roadtj 
accurately.  We  have  already  given  tbs  beftmBi 
chods  of  finding  it  in  their  proper  places  rJsttM 
laft,  which  you  have  in  Ftod.  44,  feanH  molt  9 
for  ufe,  if  it  be  applied  to  Venus  k^n  in  the  diffl 
of  the  Sun  ^  which  bns  not  been  yet  done,  nor  cm 
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be  done  till  the  year  1761,  (which  will  be  the  fe-' 
cond  time  of  Venus  being  to  bt'  feen  by  us  in  thd  . 
Siin.J  If  in  the  mean  while  the  Diameter  of  the 
Earth  feen  from  the  Sun  be  made  a  mean  betwce 
theDiameters  of  the  five  others  feen  from  thefamc^ 
(which  'tis  very  probable  is  not  far  from  tho 
truth,  and  befides  agrees  very  nearly  with  thd 
I  Parallax  of  the  Sun  determined  by  an  obfervati- 
dn  of  Mercury  feen  in  the  Sun^  and  other  obfer- 
vations  made  other  ways,)  the  Magnitudes  of 
all  the  Planets  and  Sun  will  come  out  near  enotigh 
to  their  true  Magnitudes,  and  fuch  as  arc  to  bei 
taken  for  the  true,  'till  fbmcthing  more  certain 
be  fettled  about  the  Parallax  of  the  Sun  by  obfer- 
♦ations. 

Proposition  XLVII.   Lemma. 

TO  jind  the  ratio  of  the  Dlfiance  of  agvveh  SetoH^ 
darjfrom  its  Vrimary,  to  the  Distance  cfthtgi-^ 
,  ^en  Vrimary  front  the  Sun> 

I  ^   let  5  represent  the  Sun;  [Fif. 49.]?' the  Eanhi 
LP  any  Planet,  whofe  Satellite  is  ^.  At  r  obferV^ 
its  greateft  Elongation  from  P,  namely  the  adgl^ 
l^TP.    Therefore  in  the  Triangle  P^T  right- 
jangled  at  J,  the  angle  T  being  given,  the  ratld 
"the  fide  ^P  to  PT*  will  be  given:  And  by 
'cp,  ;y.  the  ratio  of  P  T  to  TS  is  given  ;  ahcl 
e  ratio  of  7^5,  to  tlie  Diftance  of  any  other  Pla- 
t  from  the  Stin  is  alfo  knowh ;  and  therefor^ 
ratio  between  the  Diftance  of  the  given  Satel- 
tes  from  its  Primary  and  the  Diftance  of  any 
Primary  from  the  Sun  will  not  be  unknown. 
y  .^   But  if  the  Satellite  propofed  be  our  Moon,  the 
■Broblem  can  befolvea  nootherwife  than  by  find- 
^B^  the  Diftance  of  the  Sun  from  the  Earth,  (by 
one  of  the  methods  above,  or  fome  like  itj  and 
the  Diftance  of  the  Moon  from  the  fame  (by  tlr^ 
-fiime,or  fome  other  already  delivered  oj  hereafter 
■9  be  delivered  in  Bcfok  ^^\) 


4^^      The  B LEUt £  N f  s       Book 


Proposition  XLVIIL 

To  fnd  the  ratio  of  the  ^oncity  of  Matter  in  si 
Sun  to  tbi  ^inntlty  of  Mutt tr  In  agvven  Prim^rjl 
about  'which  a  SauHise  rtvolvts. 

Let  8  be  the   Sun  ,-  [fi^.  fo.]  P  the  Primai 
Planet  given,  about  which  its  attendan:  A 
volves;  and  let  Kbe  any  other  of  the  Primarii 
taken  ac  pleafure  :  Make  V  B  equal  to  ST,  ad 
imagine  any  Body  placed  ac  B  ;  and  (by  Ptqj.  4< 
5.  I.)  the  Qa;intity  of  Maiter  in  S  ro  the  Qoaj 
tity  of  Matter  in  P,wUl  be  as  the  accelerative  gra<« 
vity  of  the  Body  K  towards  S  to  the  accdcradn 
gravity  of  the  Body  B  towards  P.  ^.nd  the  ratio  oi 
the  accelerativc  gravity  of  the  Body  V  towards  S\ 
to  tlie  acceleracive  gravity  of  the  Body  B  towards] 
P,  is  compounded  of  the  ratio  of  the  accekraiW* 
gravity  of  the  Body  V  towards  5,  to  the  acceicra- 
tive  gravity  of  the  Body  A  towards  P,  and  of  the 
ratio  of  the  accelerative  gravity  of  the  Body 
towards  P,  to  the  accelerative   gravity    of  thi 
Body  B  towards  the  fame  P.     But  (by  Prop,  xdi 
B,  I.)  the  accelerative  gravity  of  the  Body  fto«| 
wards  Sy  is  to  the  accelerative   gravity  of  th( 
Body  J  towards  P  in  a  ratio  compounded  of  th< 
ratio  of  the  right  line  sy  to  the  right  line  Pif,| 
and  of  the  duplicate  ratio  of  the  periodic  Tiffl< 
of  the  Satellites  A  about  P,  to  the  periodic  Timfij 
of  the  Primary  y  about  the  Sun  j  and  the  accek- 
fative  gravity  of  the  Body  A  towards  the  Plwcc 
P  is  to  the  acceleravity  gr-n'iry  .of  the  Body  J?  to- 
wards the  fame,  in  the  duplicate  ratio  of  the  right 
line  P  B  (or  its  equal  S  V)  to  the  nght  line  P  A. 
And  rhcreforetheacceleratjvegravity  of  r/icBody 
r  towards  5  is  to  the  accelerative  gravity  of  the; 
Body    H  towards  t*  j  that  is  (as  wa&fhewn above) 
the  QuHncity  of  Matter  in  .5  is  tothe  Quanriry  of  I 
Matter  in  P,  in  a  ratio  conipounded  of  the  three 

follow-; 
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I  folio wixig;  namely,  the  ratio  of  the  right  line  SV 
Ip  to  the  right  line  Py/j  the  duplicate  ratio  of  the 
periodic  Time  of  the  Satellite  >4  about  the  Pla- 
net P,  to  the  periodic  Time  of  the  Primary  V  a- 
fcouc  the  Sun,  and  the  duplicate  ratio  of  the  right 
line  5^  to  the  right  litie  Pvf..    Butiche  firft  and 

I  lad  compounding  ratio  make  the  triplicate  ratio 
of  the  right,  line  SVto  PA  ;  From  whence  the 
Quantity  of  Matter  in  S  is  to  the  Quantity  ofMat- 
ter  in  P  in  a  ratio  compounded  of  the  triplicate 
ratio  of  5  K  to  P^,  and  the  duplicate  ratio  of  the 
ptriodicTime  of  the  Satellite,^  about?  to  the 
periodic  Time  of  the  Primary  F  about  the  Sun. 
But  both  the  compounding  ratios  arc  given; 
Bj  namely  theratio  of  5K  ro  P  ^,  by  the  Lemma  prc- 
^  jKifed,  and  the  periodic  Times  rhcmfelves  by  ob- 
fervation:  Therefore  ihe  ratio  compounded  of 
them  will  not  be  unknown  ^  namely  the  ratio  of 
the  Quantity  of  Matter  in  theSun  to  the  Quantity 
of  Matter  \n  i\\t  Primary  P. 

Hence  the  ratio  of  the  Quantity  of  Matter  in 
the  three  Planets  that  have  Satellites  may  be  found; 
-z/i^:.  by  finding  theracio  of  the  Quantity  pf  Mat- 
ter in  every  one  of  them  to  the  Quantity  iA 
Matter  in  the  Sun. 

SCHOLIUM, 

After  the  fame  manner  you  may  find  the  ratio 

►f  the  accelerative  Gravity   in  the  fuperficies  of 

:he  Sun   to  the  accelerative  Gravity  in  the  fuper- 

ificies  of  any  Planet  that  has  a  Sacelliie.    For 

[the  ratio  of  Gravity  in  the  furface  of  the  Sun,  to 

he  Gravity  \aV,  viz..  the, dupHcare  of  the  ratio 

»f  the  Dillance  SVy  to  the  Semidiametcr  of  the 

mn,  known  from  what  goes  before,  and  the  ra- 

io  of  Gravity  in  ^towards  the  Siin  to  the  Gra- 

ity  in  A  towards  the  Planet,  found  as  above,  arc 

ijiad  ;  as  alfo  the  ratio  of  Gravity  in  A  to  the 

[<3rgvity  in  the  fuperficies.  of  the  Planet  P,  the 

.  li  ;  dupli- 


w 


I 
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duplicate  of  the  known  ratio  that  the  SetnicJiaTiw* 
ttr  of  the  Planet  has  to  the  Diftance  oldie  S^tA- 
lite  from  the  Primary.     Now  it  is  evident,  that 
fhc  ratio  compounded  of  thefe  three  knovti  ra- 
tios, is  the  fame  with  the  ratio  of  Gravity  inte 
fuperficiesoftheSun  to  the  Gravity  in  thefm^ 
.face  of  the  Planet  P.     And  from  hence  again,  a 
^Muo,  the  ratio  of  Gravity  in  the  fuperficies  of  one 
Planet  to  the  Gravity  in  the  fuperficies  of  the  o- 
fher  Planet,  if  both  have  Satellites,  will  be  Jeter- 
mined, 

Proposition  XUX. 

TO  fnJ  the  ratio  of  the  Dtnfity  of  tbt  Sun  tttht 
Denfity  of  any  Frimary  Vianet^  abtmi  wInA  i 
SatfUlte  Ycvol'vcs, 

If  there  be  twoBodies  A  andB  of  the  ramCBOg- 
nitude,  *tls  evident  the  Quantity  of  Matte  *^  -^ 
is  to  the  Quantity  of  Mitter  in  B  as  the 
of  A  \%  to  the  denfity  of  B\  And  if  they  K 
feme  denfity,  the*  quantity  of  matter  b-^  isto 
the  quantity  of  matter  in  B,  as  the  magnitude  of 
the  Body  A  to  the  magnitude  of  the  Body  B : 
And  therefore,  tho*  neither  the  itiagnirades  rwr 
denfities  arc  equal,  the  ratio  of  the  qtiantity  of 
matter  in  A  to  the  quantity  of  matter  in  5,  is 
compounded  of  the  diret^  ratio  of  the  denfiticj 
and  the  dired  ratio  of  the  magnitudes  of  them. 
Wherefore  the  ratio  of  the  denfity  of  the  Body  A 
to  the  denfity  of  the  Ik>dy  B,  is  compouadedof 
the  ratio  of  the  quantity  of   matter  in  A  to  ibe 
quantity  of  matter  in  B,  and  the  ratio  of  the  maj- 
nitude  of  the  Body  B  to  the  magnitude  oftho 
Body  A  \  that  is,  (in  the  prefent  cafe )   the  Doi* 
fity  of  the  Sun  is  to  the  Denfity  of  a  Planer  in  4 
ratio  compounded  of  the  ratio  of  the  Qu 
mattcrin  the  Sun  to  the  Quantity  of  matu.  ..*. 
laid  Plauet,  and  the  ratio  of  the  Magnitude  of 


■r^^i>^ 
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^P^Ianec  to  thei  Magninide  of  the  Sun.  But  (by^ 
L  prec.  Prtf/*.  j  the  former  of  the  compounding  racioi; 
^Jp  given^if  the  Planet  have  a  Satcllite^and  (by  PnfJ 
f^6.)  the  latter  is  given  j  therefore  the  ratio  com^I 
J^  pounded  of  them  is  givcuj  namely  of  the  Denficy 
r  of  the  Sun  to  the  Denlky  of  the  Planet. 
COROLLART 
From  hence,  ex  x^juo^ihc  ratio  of  thcDenfities  of 
'ee  of  the  Primary  Planets  is  had,  namely  Sa- 
[rn,  Jupiter  and  the  Earth.  The  Denfiiies  of  the 
iree  others  may  be  analoj^ically  derived  from 
:nce.  No  doubt  the  Divine  Being,  the  Wile 
Ireator  of  the  World,  has  placed  the  Planets  at 
u^.  Jiffercnt  diftances  from  the  Sun,   that  each  of 

*  fhcm  may  enjoy  a  greater  or  lefi  degree  of  th^ 

*  Sim's  hear,  according  to  the  degree  of  its  Dcnfi'- 
kfa^ :  For  denfer  Matter  requires  a  greater  heat  to 
P^Jerform  i:s  natural  operations  withal.  But  with*^ 
f  put  doubt,  fome  refpctS  is  had  to  the  Magnitude 
f    of  the  Planet,  fince  of  like    Bodies  the   lefTer, 

fjcrerif  paribus,  are  heated  ftronger  and  more  inti- 
fTiately  ;  becaufe  in  refpcft  of  their  Bulk,  they 
lavc  a  greater  fuperficies,  and  confequencly  rp* 
Lve  mofe  rays. 

Proposition   L. 

O  eorreS  the  greater  Axes  of  the  Orbits  of  the 

Vhnets  found  before. 

In  Propofition  143  the  greater  Axes  of  rhe  Or- 

»its  are  taken  in  the  fubfefquiplicate  ratio  of  rhe 

)eriodic  Time ;  that  is,   the  Mafles  of  the  Pla-r 

icts  are  abftra^led  from,  as  ought  to  be  done 

lefore  they  are  determined,    and  the  Planets  are 

'ked  upon  as  points  revolving  in  Ellipfcs  about 

:  center  of  the  Sun  at  reft  and  placed  in  the 

•ocus.     But  becaufe  the  actions  of  the  Sun  and 

Planet  are  mutual,  and  a  Planet  is  made  by  them 

fp  dcfcribe  an  EUipfe  (  by  ?rop.  j8,  B  i, ;  whpfe 

1  i  4  Focus 


n 
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Focus  b  the  common  center  of  Gravity  of  ics  fe\f 
find  the  Sun,  iimilax  ro  that  which  i:  would  de- 
scribe (by  Frop.  yi.  B.  I.)  attracted  by  the  fame 
Forc£S,  about  the  Sun  ac  reft;  and  (by  Prvp,  f^ 
P*  I')  the  greater  Axe  of  the  ElUpfe  that  aay 
Planet  defcribes  about  the  Sun,  revolving  at  tli 
fame  time  about  the  common  center  of  Gravic)', 
is  fiiown  to  be  to  the  greater  Axe  of  the  EUipfe, 
that  the  lams  Pl:inet  would  dtlcribe  abouc  th^ 
Sun  at  reft  in  thpifame  periodic  Time^  in  the 
^ubrriplicate  r^tio  of  the  fum  of  the  MatTes  of 
the  Sup  and  IManet  to  the  Mafs  of  the  :)un ;  there- 
fore the  greater  Axe  of  the  Orbit  oteach  PJanec 
(found  by  ?rcp.  z^^  is  to  be  increafed  in  rhe  faij 
fubcriplicaceratipof  chefumsoftlie  iVfa/Zes  of  chc 
iSun  and  Planet  to  th?  Mali  of  the  Sun^  that  it 
fnay  be  corred.  but  (hy  Trof,  48.)  the  ratio  bcr 
twcen  the  Maffes  of  the  Sun  and  Planets  are  gi- 
ven, and  therefore  the  ratio  is  given,  wherein  die 
greater  Axes  (found  by  Frop.  14-)  of  the  Orbits 
^e  to  be  increafed,  that  they  may  be  corrct^. 

PRorosiTiON  11. 

TO  eftlmate  the  Error  i  of  the  Motion  of  tht  Tktntff 
about  the  Sun,  arlfing  from  their  ASion   ufen 
one  another. 

If  S  reprefent  the  Sqn,  {_Flg-<i  i.'\ABQE  afid  D£ 
the  Orbits  of  two  of  the  Planets;  'tis  evident  that 
while  the  nearer  to  the  Sun  is  in  A^  and  the  more 
remqtcin  D,  (namely  when  the  Planets  are  tend* 
Jng  towards  an  Heliocentric  ConjuniSion,)  the 
nearer  to  the  Sun  will  be  a  little  accelerated,  ami 
the  more  diftant  retarded  by  the  Attraclion  upofl 
one  another  3  and  when  they  are  arrived  after  the 
jConjundion  to  fuch  a  fituatioa  as  C  and  D  i5,that 
the  more  diH^nf  one  is  acpelerated^  aod  the  near* 
fjr  U  retarded  j  and  that  near  the  Heliocentric 
Conjun^^.'i|aepift^^9e.p^^,t|jc;  pip^^q  femoic 
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Planet  from  the.'Syn  is  leflencd,  of  the  neaFer  is 
increafed, ,  And  ilwc  che  Maffes  of  the  iun  ^n4 
Jboch  [he  Planets  (by  Frop.  48.)  are  j^iven,  and  tb« 
mutual  Djftanc^  from  the  fupesriors  are  alfo  given| 

I    9tid  that  ^by  the  preced.  Frcp.)  cofrc<5tly ;  chc.ra? 

[  tioiOf.  the  Atcradion  of  each  cowards  the  Sun  uj 
$WAttra<ftit>W  Cowards  the  pt,her  vvill  be  giv^q^ 
and  conlcquently  the  ratio  pf  the  Error  arifing 
from  che  mutUaliAttradion  to  the  efFed  of  that 
Fprce,  whereby  each  is  retained  in  its  proper  Or^ 
]bit ,  about  the  Sun.  ;  t  : 

.  ,  But  if  all  the  Error  is  to  be  thrown  upon  th^ 
Planet  that  i^  ni.ore  reniote  frpra  the  Sun,  the  Otrj 
bit  of  the  nearer  remaining,  this  will  be  doneal- 
inoft  (by  Frop,;^8.B.  i.)  by  placing  the  Focus  of 
the  exterior  -Orbic  in  the  common  Center  of 
Gravity  of  the  Sun  and  of  the  interior.  ; 

Thele  Errors  are  moft  fenfible  in  Jupiter  andt 
Saturn,  becaufe  of  the  vaft  Maffes  of  thofe  Planets, 

SCHOLIUM, 
.  There  are  alfo  fome  inequalities  arifing  front 
the  mutual  Adion  of  the  Primary  and  their  ba? 
tellites :  For  (by  Prop.  63.5.  i.J  'tis  not  the  Cen- 
ter of  the  Primary,  but  the  Center  of  Gravity 
of  the  Pr'imzry  and  the  Satellites^  that  defcribej 
the  Elliptic  Orbit  about  the  Sun.  But  becaufe 
thefe  things  depend  upon  the  Quantities  of  Mar-r 
ter  in  thele  Secondaries,  the  method  of  determi- 
ning which  properly  belongs  to  the  following 
}3ook,  wefliall  at  prefent  fay  nothing  of  them. 


Section   VIII. 
,  Pf  the  Figure  of  the  Sun  and  Planetg,    , 

Proposition  LIT, 

TO  determine  the  Figure  of  the  Earth  j  that  is,  th^ 
rath  tbJt  hi  Axe  ha;  to  the  Dtam^tm  that  are 
f€Tfth^'iciilar  to  thefn,  4P 
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In  the  firft  Book,  at  Prop.^x,  we  fhewed  in 
ncral,  from  ihe  proper  caufes,  that  the  Sun 
Planets  arc  of  a  Figure  deprefied  towards 
Poles,  but  elevated  towards  the  Circle,  that  ile$ 
exa^ly  between  the  Poles^  approaching  that  of 
an  oblate  Spheroid.  Now  we  come  to  determia 
this  Figure  by  obfervations.  And  ftrft  the  Figure 
<^  the  Earth  is  to  be  defined. 

LettheFigure  APEp,  ^Fig.  f 2.]  whole  Centers 
€y  rcprefent  the  Earth;  Pp  its  Axis,  AE  any  Dia« 
meter  of  the  Equator,  perpendicular  ro  the  Axft 
I-ct  the  lengths  of  Pendulums  ofciliacing  in  a  Cy- 
cloid, in  a  given  fpace  of  time,  in  the  PJaces 
A  and  P ;  and  AC,  PC  will  be  rcciprocaHy  ss  the 
laid  lengths  of  the  Pendulums,  anJ  thercfoi^e  m 
a  known  ratio.  Let  the  fame  be  done  in  any  in- 
termediate Place  By  whofc  Latitude  (vix^  the 
angle  ACS)  k  known,  ("by Prep, 1 8.  B.  2  ;  )  and 
AC,  EC  will  be  reciprocally  as  the  lengths  of  the 
Pendulums  ofcillating  in  an  equal  fpace  of  Time 
in  thoie  Places  A  and  B,  and  therefore  in  a  given 
ratio. 

For  imagine  a  Canal  hlled  with  a  Fluid  and 
bent  from  A  to  C,  and  from  thence  to  P,  From 
the  reft  of  the  Fluid  'tis  evident  that  the  Fluid 
in  the  Leg  of  the  Canal  yf  C  is  in  equilibrio  with 
the  Fluid  in  the  Leg  PC,  the  centrifugal  Force 
arifmg  from  the  motion  about  the  Earth's  Axis, 
atid  the  greater  diflance  from  the  Earth's  Center 
raifing  and  regaining  the  Fluid  in  the  Leg  Cy^,  at 
a  greater  height  than  in  the  LegCP.  Wherefore 
any  portion  of  thePluid  in  QA,  is  in  equilibrio  ('or 
equally  heavy)  w^th  the  like  fimilarly  pofited  por- 
tion of  the  Fluid  in  the  Leg  C  P,  Cwhich  confe- 
quently  is  alfo  true  of  any  homogeneous  Bodies, 
tho'  they  be  not  Fluid;)  and  the  upper  points  A 
and  P  are  fimilarly  pofited  in  the  Legs:  An4 
therefore  homogeneous  Bodies  placed  in  ^  and;? 

which 


Bhich  are  as  A  C,  TC  are  equiponderant  towards 
Wic  Center  of  the  Earth.    But  the  Gravity  of  4 
Body  placed  in  A^  which  is  as  ?  C,  is  to  the  Gra- 
'  rlty  of    another  homogeneous  Body  ftanding 
[  ttfiere,  that  is,  as  ^C,  as  PC  to  AQy  (namely  the 
\  ^eights  of  horpogeneous  Bodies  placed  near  oni 
f  another,  are  as  the  Bodies  themfelves  \)  and  ther?^ 
'  fore  the  Gravities  of  homogeneous  equal  Bodies 
(Jlace4  in  4  and  P  are  as  PC  and  AC\  that  is, 
I  feciprocally  as  the  diftances  from  the  Center, 
I  Juft  after  the  fame  manner  the  Gravity  of  th? 
Body  in  B  may  be  fhewn  to  be  to  the  Gravity 
of  an  equal  anj  homogeneous  Body  in  P,  as  CP 
to  C  B  ;  for  the  Fluid  will  continue  at  reft  in  the 
iCanaljSCP,  as  in  the  former  ^CP:  Wherefore 
iic  e*]no,  the  abfolute  Gravities  of  equal  and  ho- 
^  mogeneous  Bodies  placed  any  where  on  the  Sur- 
I   face  of  the  Earth  are  reciprocally  as  the  Diftan- 
I   ces  from  the  Center.    But  the  accelerative  Gra- 
vity of  a  Body  is  as  its  abfolute  Gravity  applied 
I'  to  its  Mafs.     And  therefore  the  accelerative  Gra- 
^  vities  of  Bodies  placed  on  the  Surface  of  the 
'    Earth  are  as  the  diftances  of  the  Places  from  the 
Center  reciprocally.     Moreover,  becaufe  the  o- 
fcillation  of  a  pendulous  Body  placed  at  Ay  and 
ipoved  in  a  Cycloid,  is  fuppoled  (by  obfervation) 
to  be  performed  in  the  fame  fpace  of  time  wict^ 
^the  ofcillation  of  another  at  Pj  and  (by  ?rop~  z^: 
^Fart  2.   of  Hugen'ius'j  Horologium  OfciHatoriufn)  the 
j    tmie  of  a  free  defcent  along  a  given  axe  of  a  Cy- 
I    cloid  hns  a  given  ratio  to  the  time  of  Ofcillation 
^    in  that  Cycloid;  and  (by  Vrof,  6.  and  y.Tart  ;.  of 
the  faid  Book)  the  axis  of  the  Cycloid,  which  a 
^keavy  Pendulum  defcribes,  has  a  given  ratio  co 
^Pie  length  of"  the  String  fufpcnding  the  weight; 
^and  confequently  the  time  of  a  free  defcent  along 
fhe  given  axis  of  the  Cycloid,  has  alfo  a  given 
ratio  to  the  time  of  a  free  defcent  along  the 

L^ : 
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length  of   the  ftring^  namely,  the  fubdupUcat 
of  the  former:  The  time  of  a  free  dcfcenr  alow 
the  length  of  a  Pendulum  placed  at  A^  wiJJ  \ 
equal  to  the  time  of  a  free  defcent  along  tJ» 
length  of  a  Pendulum  placed  at  P,     But  the  fpa- 
ces  TLtA  and  P,  run  in  equal  rimes  by  a  falling  tk^- 
dy,  are  as  the  accelerative  Gravities  in  the  fad 
Places  A  and  ?,  V$x,^  the  effeds  are  as  their  c^ufts] 
and  the  faid  accelerative  Gravities  have  already 
been  ftiewn  to  be  reciprocally  as  the   dift^ncd 
from  the  Center;  and  therefore  the  length  of  t 
Pendulum  ofciilating  at  ^,  is  to  the  length  of  a 
Pendulum  ofciilacing  ar  P  in  an  egual  fpace  of 
time  as  CP  to  CA.    And  after  the  lame  manner 
may  it  be  fhewn,  that  the  length  of  a  Pcsidulniti 
at  B  is  to  the  length  of  afendulumatP  ofcilla 
ringin  an  equalfpaceof  timeasCPtoCBi^hcre 
fore,  ex  ^f<f«/>,  univerfdlly  the  lengths  of  Pendu- 
lums ofcillacing  in  equal  Times  are  reciprocaUy 
as  the  diftances  of  the  Places  from  the  Center  of 
the  Earth.  Since  therefore  the  ratio  oi  AC  co  any 
BC  and  the  inclination  of  the  ftid  ^C  ro  ^C, 
and  (among  the  reft;  che  ratio  of  -^ C  to  PC,  are 
found;  the  nature  of  the  Figure  A?Ef  \Si  de- 
fined, namely,  of  the  Sedion  of  the  Earth  with 
the  plane  or  the  Meridian,  by  whofc  rotation  «- 
bout  the  Axis  Pf^  the  Figure  of  the  Earth  is  ge- 
nerated.   ^E.  F. 

If  the  Figure  of  the  Earth  were  to  be  deter- 
mined after  che  manner  above  defcribed,  thert 
would  be  no  need  of  raeafuring  the  length  of  a 
pendulum  ofciilating  at  the  Pole  P,  in  a  given 
fpace  of  time:  For  by  obferving  feveral  fuch 
lengths  in  different  Latitudes,  the  length  of  a 
Pendulum  ofciilating  at  the  Pole  in  the  iaid 
(pace  of  time,  may  fafely  be  concluded  upon, 
.  Again,  in  folving  this  Problem,  there  will 
(^  no  need  of  fitting  a  Pendulijm  «frer  (uch 
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mafinei"  in  ffiffet^nt  places,  as  to  make  it  per- 
form its  ofcillations  in  the  fame  fpace  of  time:  Ic 
■  ■■  will  be  fufficienc  to  carry  into  tlie  other  places  a 
;-  Pendulum  fitted  to  one  place,  Co  as  that  its  feve- 
-  ral  fingle  ofcillations  may  anfwer  a  given  fpace  of 
-^  time,  and  mark  how  much  a  Clock,  that  has  the 
^faid  Pendulum  for  its  Ballance,  is  fwifter  or  flowet 
luring  one  apparent  revolution  of  a  Fix'd  Star  to 
le   fame   place,  according  as  the  places,  into 
hich  ic  is  carried,   are  nearer  the  Equator  or 
*ole,  than  that  place  is  to  which  the  Movement  is 
idjufted,  and  from  that  acceleration  or.  retarda-: 
ion  it  may  be  found  by  calculation,  what  length 
neceffary  to "  make  the  fingle  ofcillations  to  be 
performed  in  the  fame  fpace  of  time,  as  they  are 
the  place  to  which  the  Pendulum  was  iirft  ad^*. 
;fted.  :  -t^" 

COROLLARY. 

Hence  it  folloM's,  f  the  fame  things  remaining)' 
if  a  Circle  be  defcribed  upon  the  interval  C^;/  or  CE* 
Fig.  5';,]'and  the  line  CB  drawn  any  howbe  pro- 
ceed to  Dy  that  DB  is  as  the  increment  of  the  ac- 
:cieracive  Gravity  in  the  recefs  from  the  Equator 
towards  either  Pole,  or  as  the  increment  above' 
le  length  of  the  Pendulum  ofcillating  at  the  E-i- 
[uator  in  the  given  time,  agreeable  to  the  place 
For  it  has  been  fhewn  above,  that  if  ^C  rc- 
>refent  the  gravity  or  length  of  a  Pendulum  at 
^hc  Pole,  CF  will  reprefent  the  increment  of  the 
gravity  or  length  of  the  faid  Pendulum  ofcillating 
an  equal  time  at  the  Equator;  and  therefore 
[producing  Fp  to  Fand  G)  PF  will  reprefent  the 
tcrement  of  the  gravity  or  of  the  length  of  the 
lid  Pendulum  at  the  Pole  P.     In  like  manner,  if 
B  reprefent  the  gravity  or  length  of  the  Pendu*» 
[lum  at  .^,  JC  /that  is,  DC)  will  cxprefs  the  gravi- 
or  length  of  the  Pendulum  at  B;  and  confe- 
quently  I>£  the  excefs  or  increment  of  the  gra- 
vity 
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vicy  or  length  of  the  Pendultim  at  B^  above  ib 
gravity  or  length  of  the  Pendulum  ofciUaung 
the  fame  rime  At  ji. 

If  AVEfy  ihereaioli  of  the  Esirth  with  W 

plane  of  the  Meridian  be  an  EUipfe^  the  incct* 

mcnts  of  the  gravity  or  of  the  length  of  thq 

Pendulum  in  the  different  places  of  the  Surface  of 

the  Earth,  above  the  gravities  or  length  of  th^ 

Pendulum  at  the  Equator,  will  be  very  nearly  iif 

the  duplicate  ratio  of  the  right  Sines  of  the  La* 

titudes  of  thofc  Places.    Thro*  D  draw  DM  pi-^ 

rallel  to  the  Axe  P^,  meeting  the  EIHpfe  in  L^ 

and  the  right  line^^E  in  the  pointyV/^from  whenc© 

let  fall  the  perpendicular  MK  upon  CD;  tak& 

Z>// equal  to  PF,  wherefore  CH\sequa\  to  CP^ 

and  join  LH:  Becaufe  AFE  \%  anEUipfe,  (by 

Trop.  J  I.  B.  I.  EL  Conic.)  CP^i  is  to  Af  L4  as  tbe 

te<aangle  under  AC  and  CE  is  to  the  redangJe 

Under  AM  and  Af  £ :  And,  by  the  fame,  in  the 

Circle  AFE,  CF'iis  to  MD'i  as  the  re«aangle 

undergo  and  CE  to  thercaangleundctv^A/and 

M  E ;  and  therefore  C  F^  will  be  to  MD  H  a»  C  P  ^  tq 

AILH.  Wheicfore  CF  is  to  AW  as  C  P  to  ML]  and 

therefore  (by  Frop.19.  El.  f .)  Pf  is  to  LD  as c?  to 

LM;   that  is,  HD  is  to  LD  as  CH  to  ML;  and 

therefore  (by  Frop,^.  EL  6,)LHn  parallel  to  CMi 

and  confequently  the  Triangle  LDH  is  fimilar  to 

theTriangle  MDC,  and  fimilarly  poiited.  But  from 

the  right  angle  Al  of  the  Triangle  CMD  the  right 

line  MK  is  drawn  perpendicular  to  the  Hypo- 

thenufc  DC,    which  alfo  is  very  nearly  dontf 

m  the  Triangle  HLD.    the    particle  LB  ff( 

the  curve  of  the  ElUpfe  being  almoft  a  ri^l 

line  and  perpendicular  to  CD,  becaufe  the  El^ 

I'pfe  APEp  does  not  differ  much  from  the  Cir* 

clG  A  F EG t  Wherefore  CD  is  fimilarly  divided 

in  K,  as  HDis  divided  in  B;  that  is.  HD  n  to 

D£as  CDtoPiC,  orPiF  lo^DasCZ?  to  DK^ 

AgaiHi 
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Bbo] 

(Lgain^  becaufe  of  the  rightanglcd  Triangle  C  ^Hi 
•  divided  by  the  right  line  M  K  perpendicular  t( 
i  CD,  (by  Frop.  8.  Elem.  6.)  CD,DMyDK  will 
proportional,  or  the  ratio  of  CD  to  DK  the  du- 
ll i^icate  of  the  ratio  of  CD  to  DM;  that  is,  of  tfad 
I  ratio  of  C  F  to  MD.     But  ic  has  already  been 
,  fhewn,  that  P  F  is  to  BD  as  CD  to  DK;   and 
,  therefore  FF  is  to  sp  in  the  duplicate  r:mo  of 
;  CF  to  MD :  But  CPis  the  whole  Sine,  and  MD 
the  right  Sine  of  the  angle  JCB,  namely  of  the 
Latitude  of  the  place  B;  and  Pf,  B  D,  are  the 
incrcraenrs  of  the  gravity  or  length  of  the  Pen- 
dulum ofcillacing  in  the  given  time,  agreeable  to 
le  Places  P  and  B,  above  the  gravity  or  length 
\i  the  Pendulum  ac  the  Equator  :  And  therefore 
ippofing  APE  pan  Ellipfe,  the  increment  of  the 
ivity  or  length  of  the  Pendulum  at  the  Pole,  a- 
bove  the  gravity  or  length  of  the  Pendulum  at  tho 
Equator,is  to  thelikeincrementinany  other  Place 
B  of  the  furface  of  the  Earth,  very  nearly  in  the 
.  duplicate  ratio  of  the  Radius  to  the  right  Sine  of 
Khe  Latitude  of  the  faid  place  B.    And  the  fame 
"may  be  fhewn  in  any  other  place  on  the  furface 
of  the  Earth:  And  therefore,  ex  ar^uOy  if  AFEp 
be  an  Ellipfe,  the  increments  of  the  gravity  or  of 
the  length  of  the  Pendulum  in  diiFerenc  places  of 
the  furface  of  the  Earth,  aboie  the  gravity  of 
length  of  a  Pendulum  ofcillating  the  like  Time  at 

ttbe  Equator,  in  the  duplicate  ratio  of  the  right 
Sines  of  the  Latitude  of  thofe  places  verynearly. 
,  SCHOLIUM. 

;-  All  rhefe  Premifcs  are  true,fuppofing  the  Earth 
ito  confid  of  uniform  and  equally  denfe  matter^ 
For  we  fuppofcd  theEluid,  wherewith  the  Canals 
ACPi  BCI'  are  filled,  to  be  uniform  and  homoi- 
geneous.  But  if  the  matter  whereof  the  Earth  con- 
tifts,  be  deafer  at  the  Center  than  towards  the 
furface,  die  above  mentioned  increcneuts  of  cho 

di- 
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diftances  from  the  "Center  going  from  the  Po\ed 

towards  the  Equator,  and  the  proportional  incrd 

menrs  of  Gravicy\  add  of  the  length  of  the  PenduJ 

lum  ofcillaring  in  the  given  Time  going  from  thm 

Equator  towards  the  Poles,  will  be  greater  thart 

thfc  Calculus  upon  the  former  fuppofition   makea 

them;  and  the  Axis  of  the  Earth  will  be  lefs  iiu 

refpedof  die  Diameters  perpendicular  tochefamJ 

Ibr  if  this  matter  towards  the  Center,  by  whic/w 

the  Earth  is  denfer  there,  be  imagined  ro  be  re3 

moved,  or  rather  be  looked  upon  ieparatcly,  thai 

the  remaining  matter  may  be  every  where  equaMJ 

ly  denfe  ;  from  what  precedes  'tis  evident, chat  rhel 

accelerative  Gravity  indifferent  places  ofth^  fur-^ 

faceof  rhiscqitally  denfe  Earthjisreciproc^//yp/oJ 

porrional  to  thediftancc  from  thcCenter.  But  thd] 

faid  accelerative  Gravity  isftillincrcafed,by  realbrrj 

of  that  redundant  matter  about  the  Center  j  atulij 

that  (as  is  fhewn  mBoci:  i.)  nearly  in  the  dtrpli'cgf^l 

reciprocal  ratio  of  the  Diftance  from  the  Center"*] 

Since  therefore  in  the  cafe  of  the  uniformly  dtnki 

Earth  its  fuperficies  is  elevated  towards  theEqna-1 

tor  and  deprefled  towards  the  Poles  j  and  the  J 

Gravity  at  the  Equator  lefs  than  at  the  Pole  in  1 

the  ratio  of  chediftanee  of  the  Pole  from  the  Cen- 1 

ter  to  the  femidiameter  of  the  Equator  j  and  further  I 

the  gravity  at  the  Equator  to  the  aforefaid  redun*J 

danc  matter  about  the  Center  ftiould  be  lefsthafl  H 

at  the  Pole,  in  a  duplicate  ratio  of  the  diftance  of  |JJ 

the  Pole  from  the  Center  to  the  feraidiametcrrf 

the  Equator,  which  is  lefs  than  the  former  ilnipfc, 

ratio,  fmce  that  ratio  is  a  ratio  of  leffer  incqia^ 

lity;  and  therefore  from  both  caufes  tcgecM 

or  in  the  cale  of  the  Earth's  being  denfer  toirtlH 

the  Center^  the  Gravity  at  the  Center  cwniwtia-  ' 

ded  of  the  two  former,  is  lefs  than  the  Cnvivj  ^ 

the  Pole  in  a  ratio  lefs  than  cJiac  is  which  tH 

diftance] 
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Jiftancc  of  the  Pole  from  the  Center  h^s  to  tht 

cinidiamcter  of  the   Equator.      And  therefore 

"rom  this  leffer  Gravity  at  the  Equator  in  refpe(f> 

>f  that  which  holds  at  the  Poles,  the  Earth  will  be 

pibre    elevated  at   the  Equator,  than   what  it 

ivould  be  from  what  goes  before.     And  the  fame 

nolds  in  the  length  of  the  Pendulum  ofcillating 

|n  a  given  fpaceof  time^  becaufe  it  is  fhewn  above 

|o  be  proportional  to  the  accelerative  Gravity. 

Proposition  LIII. 
r   I  ^  O  determine  the  ratio  that  the  Axis  of  the  Sttn^ 
f  JL     ^^  of^  given  Vianet ,  has  to  the  Diawereys  pv- 
)endicular  to  it. 

^  Find  by  Vrop.  2^.  B.  t,  the  ratio  6f  the  centri* 
ugal  Force  in  the  Circle  that  is  in  the  middle? 
letwecn  the  Poles  of  the  Sun  or  of  the  given  Plri-* 
let  to  the  centrifugal  Force  in  the  Equator  of  the 
•larth:  But  the  ratio  between  the  centrifugal 
'orce  in  theEquator  of  thcEarth  to  theGravity  on 
he  Surface  of  the  Earth  is  given^ 'vixs.  the  lam.e 
srith  the  ratio  found  above,  that  the  excefs  of  the 
Diameter  of  the  Earth  along  the  Equator  has  to 
:he  Axis  of  the  fame  ;  and  by  Schoi,  Trop.  48.  thd 
ratio  of  the  Gravity  on  the  furface  of  the  Earth 
o  the  Gravity  on  the  furface  of  the  Sun  or  of 
le  given  Planet  is  given  :  And  therefore  the  ra-^ 
o  compounded  of  thefe  will  be  given,  fiiimely 
le  rdtio  that  the  centrifugal  Force  in  the  middle 
frcle,  between  the  Poles  of  the  Sunt  or  of  thd 
A^en  Planet,  has  to  the  Gravity  on  the  furf^C€f 
the  fame.  And  this  is  the  fame  with  chat  which 
JB  excefs  of  the  Diameter  of  the  Equacor  ot  thci 
ttt  or  of  the  given  Planet  above  the  Axe  of  the 
»iie  to  the  faid  Axe,  fmce  ( by  preced.  Vrcp. '  ihaC 
i^cefs  arifes  only  from  that  centrifugal  roree^ 
'9i  confequently  is  proportional  toic:  There- 

K  k  iot^ 
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fore  (by  D^Tf.6.)  the  ratio  between  the  Axes  of 
the  Sun  or  of  a  given  Fbnec  and  ksOiameter 
perpendicular  to  che  Axe  wiil  be  given. 


Section  IX. 
Of  the  Diftauces  of  the  Fix'd  St3i«. 

PROPOSITIOH   LIV. 

TO  Jetermlne  tht  Dlffianct  */*#•  Ftxd Star  hj  Ot- 

Having  determined  the  Diftwce  and  Magni 
mdeofchc  Sun  and  Primary  Vhnets,  w\ac  re- 
mains is  only  to  difcourfe  a  liitle  of  the  Dxftance 
ol  the  i'i:<'d  Stars.     And  tho'  the  DiftaiKe  c4  the 
Fix'd  Stan  be  fo  immenfely  great  incompariioD 
of  the  Diameter  of  the  Earth,  ihatthe  Ln  er  in 
tirely  vaniflies  and  becomes  infenfible  ^  and  there- 
fore all  die  ways  laid  dcwn  in  this  and  the  pre- 
ceding Book  for  finding  the  Parallax  of  any  Phi* 
nomenonj  and  conftquently  the  Dift^ncCj  art 
ufeiefs  in  this  matter  :    Yet  the  Diameter  of  the 
Orbit  thJC  the  Earth  ddcribes  in  the  fp^ccofa 
Year  abouc  the  Sun^  may  feem  btg  enough  to  te  | 
compared  even  with  the  Diflancc  of  the  Fiid 
Stars;  and  ilnce  we^  who  are  carried  on  the  Eanb^ 
pollifs  fomctimes  this,  fometimes  that  cxtrenwEy 
of  the  Diameter  of  the  faid  Oibirj  there  oughftQ 
arife  a  very  fenlible  Parallax  of  the  fix'd  ^r^" 
from  fo    fenfible  a  removal  of  the    Obftfver. 
The  Obfervarion  may  b^  rnade  very  comoiodi- 
oufiy  atcer  tiie  following  or  fome  fucb  liice  me- 
thod. 

Let  S  [  Fig.  5-4.  ]  reprefent  the    Sun,   A  M\ 
the  OrhU  Magnus,  Chftft  two  Star^  C  and  F  fi^^l 
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one  anocherjfiraated  ni>f  ht  from  the  Eciiptfc.'bB- 
lerve  their  Diftancc^  when  one,  as  C,  is  in  oppofi- 
tion  to  the  Sun^'vi^.the  angle  FJC.  Oblcrve  chelf  I 
■Diftance  agaln^when  C  is  in  conjunftioa  with  tho 
Sun,  namely  theangle  FBC.  1  hcrcforc  in  the  Tri- 
angle FAB  all  the  angles  being  given,  the  ratio  of 
the  fides  Is  given^namely  of  F^'  rheDidanceofthe 
Fix'd  Star  from  AioAB  the  Diameter  of  the  Orbis 
Magnus  known  by  Prof,  45" ;  therefore  ^  F  is  detef- 
inined. After che like  manner  theDiftance of  aFix*d 
Star  may  be   found,   if  the  lecond  obfervation  of 
the  appa^e^^  Diftance  of  che  Fix'd  Scar  be  made, 
when  G  is  not  in  conjnndion  wirh  the  Suh/which 
perhaps  would  be  difficuU,  by  reafon  of  (;he'Sun*3 
trighcnefs, )  but  in  any  other  known  firuacion  of 
the  Earth,  as  when  it  i%ivi  M:  For  the  right  line 
A  My  and  its  ratio   to   the  known  one  AB^  \i 
Icnowu  bj'  the  above  cited  ?rof^  49. 
.     Having  once  determined  the  Diftance  of  a  FkM 
.  Star,  its  Magnitude  will  be  defined  by  the  method 
laid  down  in  Vrcp,  46,  provided  che  apparent  Di-* 
ameter  of  the  Fix*d  Star  be  fenfible. 
SCHOLIUM 
Becaufe  the  Obfervacions  defcribed  above,  of 
others  like  them  neceffary  to  determine  the  Di- 
ftance of  the  Fix'dStars,  are  foflippcry  and  require 
fo  much  nicety,  that  Artifts  dare  not  promife 
they  {hall  obtain  it  by  thofs  means ;  yet  they  think 
they  have  done  fomething  very  conliderable,  \( 
they  can  fhow  by  obfervacion  that  chere  i>a  Pa- 
allax  of  the  Fix'd  Stars  in  refpecl  to  the  OrbU 
agitusi  For  by  this  means  they  could  put  ths 
otioh  of  the  Earth  out  of  all  doubt,  which  a!l 
^knowledge  to  be  a  matter  worth  th;;ir  while  to 
o.  But  this  may  be  done  pretty  well  by  the  fol- 
wing  method. 

The  other  things  remaining,  let  the  two  Fix'd 

tarsfand  C  {fg,  f  r)be  fuppofed  net  to  be  near 

K  k  a  t\\^ 
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thcEcliptic*  Let  a  Plane  drawn  thro*  them  and  th^ 
Sun  cut  the  Orbit  of  the  Earth  in  A  and  B,  which 
Poinrs  will  be  giVcn  exactly  enough  for  the  pur- 
pofe,  by  what  has  been  faid  in  the  preccd.  Book. 
Lettheangles  CAF^  CJSF(orthc  apparent  Di* 
ftances  of  the  Fix'd  Stars  Fand  C,  feen  from  the 
Earth,  when  fhc  was  in  A  and  B,)  be  obfervcd, 
which  will  be  remarkably  enough  difTerent  from 
one  another,  i(  ABhc  fenfible  in  regard  of  AC, 
and  fhc  Stars  C  and  F  very  unequally  cfiftant  from 
the  Sun,  which  feems  probable  co  hold  in  Stars  of 
a  different  Magnitude.  Perhaps  if  infte^d  of  the 
two  Stars  C  and  F,  two,  fuch  as  C  and  £>,  be  ob- 
ferved,  D  will  be  fecn  from  A  to  he  on  this  /Ide  of 
C,  from  B  on  that  fide,  (which  ma^  happe/i  in 
fo  great  a  multitude  of  Fix'd  Stars)  or  u  may 
be,  thefe  two  Stars  will  appear  to  coincide  at  one 
time  of  the  Year,  and  to  be  fenftbly  diftant  from 
one  another  at  another  time  of  the  Year:  In 
which  cafe  the  Annual  motion  of  the  Earth  about 
the  Sun  will  be  evident  by  the  bare  uG  of  a  Te* 
lefcope,  without  any  Inftrument  neceffary  to 
take  the  diftance  of  the  Stars,. 

The  above  mentioned  method  of  obferving,be- 
fides  that  it  is  capable  of  receiving  all  the  improve- 
ment, that  any  Inftrnmencs  have  or  will  receive, 
is  hardly  any  ways  chargable,  fmce  there  needs 
only  a  Telcfcope  with  a  Micrometer,  there  b  no 
need  of  ereding  an  Obfervtaory  norof  recWyinga 
Perpendicular,  all  which  are  very  uncertain',  fmflft 
it  is  not  abfolutely  certain  that  either  Walls  tho' 
the  firmed,  or  Rocks  or  Mountains  themHiIrt* 
always  retain  the  fume  fituarion.  To  this  head 
we  may  refer  perhaps  what  that  celebrated  Artfo- 
nomer  Mr.  C/?//7;;j  has  difcovercd  about  the  fix'd 
Stars  i  namely  that  theFirftof  Aries  fometirocs 
appears  fplic  into  two  equal  ones,  and  diftant  by 
the  length  of  cheDiameter  of  either  horn  one  aflo- 
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ler,  which  he  has  alfo  obferved  of  the  precc- 
ling  Head  of  Gemini  ;  anJ  feme  others,  as 
^fome  of  the  Pleiades  •  and  the  middle  in  Orion's 
^klc^appear  to  be  chree>  nay,  four  fomedmes. 
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Proposition  LV. 

TO  obferve  the  TaraUax  of  the  Orbis  Magnus,  bj 
the  accefs  and  recefs  of  a  Ftxd  Star  to  or  from 
^  '■  of  the  Equator  made  in  different  Seafons  of  the 
far.   LFig.  J6.J 

Let  S  reprelent  the  Sun;  HME  the  Orbit  of 
ic  Earth,  whofe  points  E  and  H  are  the  places 
"the  Earth  in  the  Solftices.  Further  let  Fbe  a 
ix'd  Star  near  the  Pole  of  the  World,  that  is,  let 
!i(  the  Axis  of  the  Earth  ATE  contain  with  a 
right  line  conne4filng  the  Earth  and  the  Fix'd 

r  an  angle  BHF  or  BE  F  pretty  fmall  j  and 
!t  this  Star  be  not  far  from  a  Solllicial  Colore, 
id  therefore  in  conjundion  almoft  with  the  Sun 

the  other  Soiftice,  or  let  the  Plane  £Ff/be 
irpendicular  to  HME  the  plane  of  theEcHptrc. 
'is  evident  that  the  yngle  BHF  the  diftance  of 
»e  Fix'd  Star  from  the  Pole  of  the  World,  when 
le  Star  is  in  oppofition  to  the  Sun^is  left  than  the 
igleJSEFthe  diftance  of  the  fame  from  the 

tie,  when  the  Fix*d  Star  is  in  conjundion  with 
le  Sun.  And  converfely,  if  the  angle  BHF  be 
mnd  lef  by  obfervation  than  BEFy  this  inequa- 
:y  muft  be  thrown  upon  the  Parallax  of  the  An- 
lal  Qrbit,  And  the  Diftance  of  the  Fix*d  Star 
gained  after  this  manner:  The  difference  of  the 
igles  BEFy  B  H  F  is  equal  to  the  angle  F ;  and 

the  Triangle  FE  H  the  other  angle  FE  H  is 
[ven,  namely  the  Latitude  of  the  Fix'd  Star  ac 
le  Time,  when  the  Earth  is  ac  E  :  From  whence 
le  ratio  between  HE  the  Diameter  of  the  Or^/i 
lagnus,  and  HF  the  Diftance  of  the  Fix'd  Star 
'ill  be  known. 

Kk  3  SCHp' 
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'ThU  method  of  finding  hy  Obfervarioadie  Pa- 

(ervcr  Mr->^«  FW/^^iniakes  ufe  of,  itJud  fc  iu- 
fveer*  the  objcdion  of  fuch^  as  with  Riccioius^dtr^ 
the  motion  of  iheEarthabouc  the  biin,bec:iurejiis 
confi»imf5^by  theohferv^tion  of  a  F'aidtUx  ^fthe 
Orb}s  AUgnHs.    for  he  toond  cli^  DilWwof  tk 
I>plc  Stat  from  the  NQxthro:e  to  begFcau-^r  aboat 
the  Summer  Solflice  than  about  thp  Winter  one, 
l^y  abCtCC  40  or4f  SeQQiuls,  and  that  by  a  conti- 
nued  fori^s  of  Obfcuvations   for  fey-afi  .Years,  a^ 
Ipwing  Jor  the  conct'lion  of  the  Inftrumexar,  and 
tliqch^g€  of  ibcSursplftce  on  the  accomat  of 
tha  ceceflion  of  the  f-jEju5flOir&/  poincsi  as  Mr* 
^l^intflifd  karnctHy  (3ilcourCe&  m  a  Leitci  to  Dr. 
f^aiiit^M^^^  kkcmh.zoy  J 698.  publiflicd  in  jVoK 
^iWalliif  MatUm^s.  M^^arAs^    But  tWs  me.t\iodoE 
^cterimniflg  thcPsraHajc  of  aFix*d  Star^  fuppofes 
th^  Axis  of  the  Eanh  J  R  l^^g*S7'J  ^^  ^^  exadljr 
parallel  to  itftlf^whcn  the  £arrh  is  in  the  points  E 
and  H  of  its  Orbir,  when  the   Obfervations  are 
mad^p    Aad  tho!  that  foiall  Natation  of  the  Axis 
^hich  arifes  from  the  diminution  of  the  Indina- 
dun  ©f  the  Ecliptic  and  Equator  at  the  SoIfticeSj 
^nd  the  increafe  of  it  at  the  EquinoiLes  (by  CcraLio. 
^6ir.66.  B.I.  (^'Kcvttori  J  Math.  ^rixcipiN^t^Vhikf.) 
docs  nrtc  aifedt  or  himier  this  obfecvation,  as  Mr. 
BttmJU&d  obferves  iivthe  faid  Ep'ftle ;  yet  another 
Nutation  arifing from  another  caufe  may  produce 
^llrhisdiverfityinthodiftanceof  thePoJ&-Staxf''ora 
the  Pol^  :  Namely,  if  the  denJlty  of  the  Southerfl 
HemUpliere  of  the  Earth.be  a  little  greater  tiiaii 
that  of  the  Northern^  feither  becaule  of  the  Jcfl'cr 
Heat  there  and  greater  Cold  herCj  or  hecanieof 
the  inequalities  of  the  Continents  of  the  Eanh 
placed  about  the  Poles,  cr  fomc  othec  caufe  un- 
known toiisjfor  then  fmcein  cheVVintecbQlflice 
-4^v  w  ■    *-'       f  Si  .-i'   •  '      ■  '•    '   (he 
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Hhe  Sonrh  Pole  A  k  inclined  toward  Co  the  Sun^ 
^nd  at  tiic  f^me  time  is  nearer  to  it  than  the  North 
^Poie  lij  when  in  :he  timeof  the  Summer  Solftice 
Bphe  latter  is  inoliniid  towards  the  Sun,  H  A  w'\\\ 
Be  more  inclined  to  the  plane  of  i.he  Ecliptic  in 
Rhc  A'incer  time  than  E  A  in  the  Summer  time  ; 
on  which  account  BHF  will  be  lefs  than  BEFy 
the'   t'e  right  lines  HF,   EF  (hould  be  parallel; 
.incr    Therefore  all  that  can  be  made  out  of  Mr. 
f7rf>?/'  Ws  obfervation  is,   that  the  angle  BHP 
lels  ihan  the  an^le  BEP;  and  this  may  arife 
"oma  double  caufe,  namely  from  the  concourfe 
the  right  lines  H  FyE  F  towards  F,  ifihe  Axis 
if  the  Earth  in  one  obfervation  be  parallel  to  the 
mc  in  the  other  (which  is  fuppofcd  to   be  the 
;afe  by  Mr.  Fbmftead^  and  exprefled  by   theF/^. 
'6.)  or  from  the  concourfe  of  the  lines  right  H-/, 
A  towards  G  the  quite  contrary    way    to  F, 
ight  lines  HF^E  F  being  fuppofed  to  be  parnU 
;lj  as  in  the  Figure  5*7 ;  from    this  obfervation 
ic  Parallax  of  the  Fix'd  Stars  is  not  evinced,  be- 
caufe  the  obfervation  may  ftand  intire  though 
the  right  lines  EF,  HFrcmain  parallel  j  th:u  is, 
tho'  fhe  Parallax  of  the  Orhh  Magnus  be  nothing. 
Nay,   this  obfervation  docs  not  immediately 
rove  even  the  Annual  Motion  o*  the  Earth  :  For 
Lo'  the  Earth  be  in  the  middle  (revolving  about 
[tsAxe,as  in  thcSemi-Tjchprnc  Syikmj  [F/y.fS.j^nd 
make  the  apparent  Diarnal  Revolution  of  the 
ileftial  Bodies  i)  the  Sun  in  the  Southern  Signs 
nay  theq  atrmcfi  the  Souchernllemifphere  of  the 
larth  turned  to  ic,being  nearer  and  perhaps  den- 
fr,ib  as  to  make  the  angle  BHF,chedifl;ance  of  the 
'ix'dStar  from  the  Pole^  lefs  than  BEF^  when  the 
mn  in  the  Northern  Signs  being  more  difiantj  at- 
.TZ&s  the  Northern  Hemifphere  lefs,  which  alfo 
perhaps  is  lefs  denfe. 

Th§  fame  likewife  may  bcfuid  of  the  different 
'•'    '  Kk  4  DiftancB 
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Piftanceof  a  Fix'd  Star  from  the  Zenub,  which 
is  the  way  Dr.  Moot  formerly  f  ugni  afiet  che  Pa- 
rallax of  rheFix'd  Stars.      For  it  the  direction  of 
iheA:i;Uof  the  Earth  he  changed,  the  air  c 
Sny  oiher  right  line  in  the  Ei^iin    whole  fv..  ^^ 
|o  ih«  Axe  is  given)  will  likewifi?  be  ph^ingcd: 
And  (hcmocioQ  of  the  Earth  about  che  ^un,  caai 
be  ccrrainly  concluded,  from  the  various  incliM- 
lion  of  a  right  line  conne<fting  the  lix'd  Star  and 
the  Eairh  to  that  right  line  in  the  Earth.  It  wc« 
ihercforc  to  be  wilhed,  that  our  exa*fl  Obfenrcn 
would  for  the  future  manage  their  obfcrvatiofis 
for  provirgthe  Annual  Motiop  of  the  Earth afer 
this  mann£r,according  to  the  prec-Prpp.  or  i:s5'iWl 
Eor  fo  at  laft  the  Parallax  of  chcFJ^'d  Stars  in  rcr 
gard  of  rheOrtij  Magnus  will  with  any  certainty  be 
found(ificbe  fenfible,)fince  the  change o/rAoie  an- 
gles can*t  arife  from  any  other  caufe,bu:  i\;e  change 
of  the  Earth^splace  or  of  ihefituation  of  tbcYix'J 
Stars  among  themfelves;  buc  the  identity  of  the 
fituation  of  the  Fix'd  Stars  in  reg^ard  of  one  ano- 
theris  taken  as  a  principle  by  all  (uch  as  endeavor 
rp  find  their  Parallax.  In  the  mean  while  the  rea- 
fbns   laid  down  in  the  following  Propofition  in- 
cline me  to  believe  with  Coptrnicus^   chat  the  Dia- 
meter of  the  Orhis  ALignus  \n  regard  of  the  Fix'd 
£cars  (even  the  neareft)  is  infenfible. 

Proposition    LVI. 

TH  E  Diftance  cf  the  Sun  from  tbe  E/srsb  in  tt* 
ffvB  of  the  Diflafsce  of  a  Fixd  Star  {rvtn  iU 
nearf(i}frDm  the  Earrh^'V.Tjifies alfTfc/i and ii  i^ftnfiH 
•  Since  the  Sun  and  lix'd  Stars  are  the  oo^ 
great  Bodies  of  the  Univerfe  that  have  any  n  Kivt 
Light,  ihcy  are  juftly  efteemed  by  Philolop/i^rs 
to  beofth^  feme  kind>  and  deJigned  [at  the 
fame  ufis^  and  'tis  the  cfFed  of  a  Man  s  temper, 
that  fets  a  gr^^rer  value  upon  hi  sown  things  than 
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he  ought,  that  makes  him  judge  the  Sun  to  he  the 

higgcft  of  them  all.     Let  thtm  therefore  be  fup- 

poled  equal,  fince  that  the  one  exceeds  .he  othcc 

has  no  ground  or  foundation  to  (land  upon. 

Let  rbe  the  Earth,  [Fig.  5-9.]  j4  E  B  the  Sun 

vvhofe  Center  is  S  ;  CGD  a  Fix'd  Star  equal  to  the 

Sun,whofe  Center  is  F,  Since  the  angle  £7*5,  that 

the  femidiameter  of  the  Sun  feen  from  the  Earth 

appears  under,  exceeds  16  Minutes,  then  wilJ  US 

«Dr  C  F  equal  to  it,  be  almoft  the  two  hundredth 

part  of  S  T;  or  200  ticnes  C  F  will  be  equal  to  TS. 

In  the  Triangle  FST  rightangled  at  S,  the  Sine 

of  the  angle  S  FT*  is  to  the  fide  S  T  as  the  radius 

to  the  fide  C  7",  equal  to  FT:  From  whence  (by 

Prep.  II.  EUm.  j.;  the  Sine  of  5 FT  is    to  57'  as 

the  Sine  of  the  angle  CTF  to  CF.  And  fince,  in 

thefe  fmall  angles,  the  angles  themfelves  are  as 

their  Sines,  the  angle  SFT  will  be  to  the  angle 

CTF  as  the  right  Mnt  STtoCF;  and  therefore 

aoo  CTF  is  equal  to  S  FT,  or  ioq  CTD  to  TFS. 

But  that  moft  acute  Obfervcr  Chrlfihn  Hugtm  (in 

'^isSyjt^m  of  Saturn)  affirms,  that'he,  affifted  by 

.Telcfcope,  (by  the  help  of  which  the  diameter 

an  objeft  was  magnified  an  hundred  times)could 

It  obferve  any  magnitude  in  the  Diameters  of  the 

ix'd  Stars  tho'  the  brighteft,  but  thqt  they  ap- 

tared  like  a  point ;  that  is,  the  angle  DTc  made 

hundred  times  bigger jWas  ftillinlenfible  j  or  an 

indre4  times  CTD  ( that  is,  S  FT)  could  not  be 

;en  nptice  of  by  Senfe.   Therefore  the  Semidi- 

leter  of  the  Orbis  J\±ignus  ST  ken  from  the  nea- 

ift  Fix  d  Star  (fuch  as  we  are  to  fuppofe  the 

►righteft  to  be)  would  appear  like  the  fmalleft 

lint;  that  is,  TS  in  reipc(5l  of  SForjTFva- 

tes  and  is  infenfible. 

This  fmallnefs  of  the  apparent  Diameters  of  the 

ix'd  Stars  is  the  caufe  of  their  Twinkling  :  For 

le  fmallcft  op^k*?  corp^fciesj  wj^ich  ar?  always 
•  .-..:» fc-       tnoving 
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moving  in  the  Atmofphere,  mrirely  corcr  ati^ 
fix'd  brar,  and  then  immediately  uncovci  ic,  tl 
b,  make  it  Twinkle. 

SCHOLIUM. 

Bccaufe  5  7* compared  with  5  Fisinfenfiblc/tj 
no  matter  in  whut  point  of  (he  Orhis  Magnm  the 
Fix'd  bears  be  obferved;  for  the  whole  Orbis  ALg" 
nms  is  but  as  a  point  in  i cfpe^  of  the  Diftance  of 
thcFix  d  Mars:  And  fincc  ba  umtheoucmoftof  the 
Planets,  is  not  above  ten  times  t.inher  off  from  the 
Sun  ihcinihcEanh,  there  wiil  beimracnfc  Spacei 
between  this  outmoft  Planet  and  the  neareft 
i^ix'd  Stars  to  the  Sun,  into  which  the  very  ex- 
centric  Orbits  of  the  Comets  may  nm,  ofwhich 
wc  have  treated  in  Prop,  ^f.  B.  r.  And  'as  osf 
the  account  of  this  immenfe  Diftance,  t\\aithe 
Fix'd  Scars  have  no  fenfibic  effet^h  upon  our  Solar 
Syftem,  and  don't  diflurb  the  Planets  containd 
in  it. 

Since  therefore  the  Diftance  of  tiac  Fix'd  Stars 
can't  be  determined  by  obfervations  made  in  dif-' 
forcnt  places  of  the  Earth's  Orbit,  it  remains  that 
vwefhow  how  to  meafurc  it  bv  fome  Opcical  \fc- 
thods:  Two  of  which  we  mall  propofe^  one  by 
Mr,  Jamt$Greg(rry  publifh'd  in  the  year  1668^  the 
other  by  Mr.  Hugem  in  his  Cofmo-TTfesria. 

Proposition  LVII.    Lemma. 

THE  illuminations  cf  the  fame  Sphere,  in  difftreni 
dijl  incts  from  the  lucid  Bodjy  grt  rceipmcidlf 
as  the  Sffu,tres  of  tire  dif-jnces. 
Tho'  mis  Propoficion  be  an  eafy  confequcnceo/ 
Trop.  48.  /?.  I.  yet  I  (hall  take  the  pains  to  demofl- 
ftrateic  here.  Lec-/^ri^f^.6o,]beany  point  ofa  \ucid 
Body  taken  at  pleasure  ;  and  let  Zf  C  bo  the  JiJme- 
ter  of  the  Sphere  that  is  illuminated,  dire(9:ly 
oppofed  to  the  Rays,  at  a  fmaller  di{^  -^  ^^ 'th 
;he  lucid  Body 3  ^>  the  fame  diameter  a  -■■^f 

dittaccc ; 
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auce;  that  is,  lee  AE^  a  ray  reaching  to  rhe 
ncer  E  be  perpendicular  to^C,  and  A^to^rt 
oin  JBj  ACy  and  being  produced  let  thcmmcoc 
,  alfo  produced,  in  D  and  F.    On  the  Center  ^^ 
rh.  diftance  A  D  or  A  F^  defcribe  an  arc  of  a 
ircle  D  F,  which  let  Afi^  At  and  Ay  prottuijcd, 
meet  in  f/,  G  3fld  X;  and  let  fhis  Figure  be  ima- 
gined to  revc'.ve  about  the  axe  AG,   'Tis  evident 
that  all  che  Rays  falling  upon  the  Sphere,  whofe 
diameter  is  5  C,  upon  the  rcmpval  of  it,  will  be 
fpread  upon  the  Sphere  whofe  diameter  is  DFi 
And  therefore  the  illumination  of  the  Sphere^ 
whofe  diameter  is-flC,  is  to  the  illumination  01 
the  Sphere,  whofe;  diameter  is  /3y,  as  all  the  rays, 
contained  with?n  the  Set^orof  the  Sphere  gene- 
rated by  the  rotation  of  ^^DG,  to  all  rhe  niys 
corlcaified  within  the  Seflor  of  a  Sphere  gene- 
rated by  the  rotation  of  A  HG  ;  that  is,  as  the  Sur- 
face of  a  Sphere  generated  by  the  rotation  of  the 
arc  DGy  CO  the  Surface  of  a  Sphere  generated  by 
the  rotation  of  the  arc  OH]  that  is,  (by  Prop.^.^^ 
B^  I.  ofArMmed,  of  the  Spb,  andCylind.'^  as  the  Cir- 
cle whofe  radius  is  DG,  to  a  Circfe  whofe  radius 
isHG,orasthe  :>quare  of  DO  to  the  Squire  of //G. 
But  in  fmall  angles,  fach  as  we  fuppofc  DAG  and 
HAG  10  be,Z>G  is  to  HG  very  nearly  as  DE  to/ji: 
And  thefctbre  the  illumination  of  aSphcre,whofc 
Center  is  in  A\  is  to  the  illumination  of  tlic  Cjme 
or  an  equal  Sphere,whofe Center  is  ins,  in  the  dur 
jplicate  ratio  of  D<  to  /?3,  or  Eh  to  BE,  or  A*  toAE^ 
rhat  is,  reciprocally  as  the  Square  of  the  diftances. 
And  fmce  the  lame,  fcr  the  fame  reafons,  is  true  of 
any  other  point  of  a  lucid  Body,  as  well  as  of  ^, 
what  was  propofed  becomes  evident. 
'-  And  after  the  like  manner,  the  illuminations  of 
the  fame  Sphere  made  by  equal  lucid  Bodies  at 
Unequal  diftances,  are  reciprocally  as  the  Squares 
of  the  diftancQfi  from  thole  luciJ  Bodies. 
'  ■•'»  Pro^ 
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Proposition  LVIIL    Lemma. 

AL  L  tbt  Rajs  (f  the  Sun  failing  ufon  mt  Plan^ 
arc  to  all  the  Rays  of  the  Sun  facing  upon  anotiHS 
TUnet,  as  the  Stfuares  of  the  CborJs  of  the  Hmzjmtd 
TaraUaxes  of  the  Sm  fcen  from  rhofePbnets,  [Fig.6i.I 
Let  S  reprefent  any  radiating  point  of  the  Sun; 
and  the  Spheres  yi 5,  CD,  whole  centers  are  Tand 
F,  any  two  Planets.    Join  ST,  SP,  let  a  plane 
drawn  thro'  them  cut  the  Spheres  in  the  Circles 
ABf  CD;  and  from  S  draw  Tangent j  to  the  laid 
Circles.     Upon  the  Center  S,  at  any  diftance, 
draw  an  arc  of  a  Circle  meeting  the  right  line$ 
S^,sr,SB,SC,SF  and  SD  in  F,  E, L,  H, G  and 
Ki  join  the  right  lines  EF^  Qfir    Let  the  Figure 
AFSET  be  imagined  to  rtvolve about  iai  Aw 
ST,  andCHSGF  about  the  kxisSP.    Ml  the 
Rays  flowing  from  the  point  S  that  faU  upon  the 
Planet  T(viz»  all  v/ithin  the  Cone  ASB:  wiW^^ 
to  all  the  Rays  falling  upon  the  Planet  P  (namely 
all  in  the  ConeC5D)as  the  Superficies  of  a  Sphere 
defcribed  by  the  rotation  of  the  arc  E  F,  to  the 
Superficies  of  a  Sphere  defcribed  by  the  rotation 
of  the  arc  G  H^    that  is,  (  by  Prop.  49,  S.  r.  of 
Archimedes  of    the   Sfhar,   and  CjL)   as   a  Circle 
defcribed  upon  the  radius  E  F  to  a  Circle  defcri- 
bed upon  the  radius  GH,  or  as  the  Squares  of  thfi 
right  lines  EF,GH:  But  £  F  and  G  //  are  Chords 
of  the  angles  y^Sr,  C5P  to  the  radius  5  £,   and 
•the  faid  angles  are  the  horizoncal  Parallaxes  of 
the  Sun  S,  feen  from  the  Planets  Tand  P  •  and 
therefore  all  the  Rays  flowing  from  the  points 
^d  falling  upon  the  Planet  T,  are  to  all  falling 
upon  P,  as  the  Square  of  the  Chord  of  the  Sua; 
Parallax  feen  from  7",  to  the  Square  of  the  Chord 
^f  the  Sun's  Parallax  feen  from  P.    And  fincefhe 
fame  is  in  like  manner  true  ofRays  flowing  from 
any  other  point  of  the  Sun^  the  Propofirion  is 
evident. 

In-. 
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Inftcad  of  the  Chords  the  Arcs  themfelves,  op 
the  Angles  proportional  to  them,  and  fubtended 
by  them,  may  be  taken,  as  in  the  preced.  Prop* 
.  SCHOLIUM. 

After  the  like  manner,  all  the  rays  of  a  lucid 
and  every  way  radiating  Sphere,  are  to  all  its 
rays  that  fall  upon  a  given  Sphere  and  illumi-* 
nate  it,  in  the  duplicate  ratio  of  theDiameter  (or 
Chord  of  the  Semicircle)  to  the  Chord  of  tho 
horizontal  Parallax  of  the  lucid  Body,  feen  front 
the  illuminated  Body;  or  as  the  Square  of  the 
Diameter  to  the  Square  of  the  Chord  of  the  faid 
horizontal  Parallax.  And  confequently  (by  tak- 
ing the  halves  of  the  antecedents,)  the  half  of  all 
the  Rays  of  the  lucid  Sphere,  or  all  the  Ray3 
flowing  from  a  radiating  Hemifphere  (fuppofing 
the  other  Hemifphere  opake)  are  to  all  its  Rays 
falling  upon  the  Sphere  to  be  illluminated,  to 
which  it  appears  full,  as  the  half  of  the  Square  of 
the  diameter  fthat  is,  the  Square  infcribed  in  2 
Circle)  to  the  Square  of  the  Chord  of  the  Pa- 
rallax of  the  lucid  Body,  feen  from  the  Sphere  10 
be  illuminated. 

Proposition  LIX.    Lemma- 

THE  ratio  of  the  illumination  of  the  Earth  by  the 
Sun  to  its  illumination  by  a  Tlanet  piinlng  at 
the  fullj  is  compounded  of  the  duflicate  ratio  of  the 
Chords  of  the  Parallaxes  of  the  Sun  feen  from  the  EartB^ 
and  that  PLwetf  and  the  ratio  of  a  Sejuare  infcribed  in. 
a  Circle  to  the  Square  of  the  Chord  of  the  horizontal 
Pariiliax  of  the  faid  Planet  feen  from  the  Earth. 
The  Rays,  with  which  the  Planet  illuminates  the 

(irch,  are  fuchas  flowing  originally  from  the  Sun 
e  refle<aed  back  again  upon  the  Earth.  We  fup- 
»fe  therefore  chat  each  Planet  reflc<5ts  every  way 
all  the  Rays  of  the  Sun  that  fall  upon  it-  that  is 
(for  greater  eafe)  we  fuppole  '.  Pinnet  to  emic 
Rays    eyery  way  from  that  Hemifphere  of  it 
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of  the  Earth  by  the  Sun  is  to  t\ieil. 


iinacion 

lumination  of  the  &mc  by  a  Planet  ihiiiing  in  the 
full,  as  all  the  Rays  of  the  Sun  falling  upon  ths 
Earth  co  all  the  Rays  flowing  from  the  Plane 
and  falling  upon  i^ :  But  ihc  raiio  of  the  Stin's 
Rays  falling  upon  the  Earth  to  the  Planet's  Rays 
fallini^  upon  the  fame,  is  compounded  of  the  ratio 
of  the  ^un's  Rays  falling  upon  the  Earth  to  the 
Sun's  Rays  fxlling  upon  the  Planet,  (that  is,  all 
the  Ray«  flowing  from  the  Planet  3  ITemifpherc,) 
and  the  ratio  of  all  the  Rays  flowing  from  the 
Planet's  Hemifphere  to   all  tho/e  of  cbem  that 
fall   upon  the  Earth.     And  the  former  o^  thefe 
compounding  ratios,  or  the  ratio  of  the  Stin's 
Fays  falling  upon  the  Earth  to  the  Sun's  Kays 
falling  upon  the  Planer,  is  equal  (  by  the  preced. 
Trop.)  CO  the  duplicate  ratio  of  the  horizontal  Pa- 
rallax of  the  Sun  icen  from  the  Earth  to  the  ho- 
rizontal Parallax  of  the  Sun  feen  from  that  Pla- 
net; but  the  latter,  namely  the  ratio  of  all  the  Rays 
flowing  from  the  Planet's  Hemifphere  illuminating 
the  Earth  to  all  of  them  that  fall  upon  the  Earth 
and  inlightenit^isequal  (by  the  preced,  SdoL)iO 
the  ratio  that  a  Square  infcribed  in  a  Circle  h.isto 
the  Square  of  the  Chord  of  the  horizontal  Pa- 
rallax of  the  faid  Planet  fecn  from  the  Earth. 
And  therefore  the  ratio  of  the  illumin:^tion  of  ths 
Earth  by  the  Sun  to  the  illumination  oi  the  \mt 
by  a  Planet  fhining  in  the  full,  is  compounded  oi 
the  duplicate  ratio  of  the  Chords  of  the  horizcfl- 
tal  Parallaxes  of  the  Sun  feen  from  the  Eauhifli 
that  Planet,  and  of  the  ratio  of  the  Squuft  in- 
fcribed in  a  Circle  to  the  Square  of  the  Chord 
of  the  horizontal  Parallax  ot  the  faid  Phuiet  fccn 
from  the  Earth.    ^,  £.  D, 
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Proposition   LX, 
O  Jet  ermine  the  Diftance  of  a  Fixd  Star. 

Chufe  a  Fix'd  Star  of  nearly  the  fame  bright- 
nefs  with  fome  Planet,  when  it  is  in  the  Full^  in 
v/hich  cafe  the  Earth  is  equally  illuminated  by 
thefe  two  Stars.   But  the  mutual  Diftancesof  tha 
Sun,  Earth,  and  Planet  at  the  time  of  the  above- 
mentioned  Obfervation,  and  the  Magnitudes  of 
ihefe  three  Bodies  (by  Pr^p.  46.)  being  known^chc 
horizontal  Parallaxes  of  the  Sun  and  Planet  fecn 
from  the  Earth  (by  Prof.  48.5.2.)  become  known,  . 
together  with  the  angle  the  faid  Planet  appear* 
wnder  from  the  Sun,  whofc  half  is  the  horizontal 
Parallax  of  the  Sun  feen  from  that  Planet.    An  J 
confequencly  (by  the  preced.  Vrof.)  the  ratio  of 
the  illumination  of  the  Earth  by  the  Sun  to  the 
illumination  of  the  fame  by  the  faid  Planet  be* 
comes  known;  that  is,  the  ratio  between  the  il- 
lumination of  the  Earth  by  the  Sun  and  by  the 
Fix'd  Star  :  But  ,^by  Vrof,  J7.)  the  illumination  of 
the  Earth  by  the  Sun  is  to  the  illumination  of  the 
fame  by  a  Fix*d  Star  ( equal  to  the  Sun  and  equal- 
ly lucid )  in  the  duplicate  ratio  of  the  Diftance  of 
the  Fix'd  St^r  from  the  Earth  to  the  Diftance  of 
the  Sun  from  the  fame  ^  therefore  the  ratio  be- 
tween the  Diftances  of  the  Fix*d  Star  and  the  Surt 
from  the  Earth  is  known  ;  and  confcquently  the 
Diftance  it  felf  of  a  Fixd  Star  from  the  Eanh  is 
known. 

SCHOLIUM. 

For  the  fame  purpofc  you  may  commodiouflj 
*take  Jupi  er  in  its  Achronical  fituarion,  and  Sirius, 
which  (if  any  other^  may  be  looked  upon  as  equal 
to  the  Sun.  But  Ilncc  Jiipicer  in  the  faid  fituatiom 
exceeds  Sirius  in  bright ntfs,  and  befides  the  Rayis 
ef  th^  Sun  falling  upon  Jupiter  are  not  reflected 
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towards  the  Earch  without  beii^g  wcakenedy  bntj 
arc  moft  of  them  ftltied  near  the  lurfr-  "' 

Jupiter,  the  Diflance  o*  Sirius  dctertninei 
chis  manner  will  be  lefs  than  the  true  Diltancc  ] 

Proposition  LXI.  I 

^T^  O  mtafurt  the  Dijfantc  of  a  Fixd  Star  amtheA 

JL     ^^J'  ' 

Tho*  the  diameter  of  the  brighteft  Fix'd  Star* 
can't  by  any  Optical  Inftruiuent  yet  invented,  be| 
made  fo  big  as  to  become  fenfible,  and  fuch  us 
inay  be  compared   with   the    Sun's  Diameter  f* 
however,  the  Sun's  Diameter  may  be  lelTen'd  fo 
much,  as  that  its  Light  thus  Icflcn'd  miiy  (in  ap- 
pearance; be  no  greater  than  it\t  ligfet  of  Shias 
twinkling  in  the  Night;  which  will  be  doneii  us 
Rays  be  let  into  a  Tube  thro*  a  hole  fmall  e- 
nough;  or  if  its  image  be  leffened  as  much  by 
means  of  a  Lens,  or  partly  by  one  partly  by  the. 
other  method ;  For  the  diameter  of  the  image  of 
this  Sun,   tho*  infenfible  (if  looked  for  incooii- 
derately)  becomes  known  by  calculation  founded 
upon  Optics  and  Dioptrics,  having  the  Diameter  of 
the  hole,  the  Lens  and  (ituation  of  the  Eye  given. 
But  the  Diameter  of  an  image  of  the  Sun,  as  bright 
as  Sirius  to  an  Eye  given  by  poficion,  is  equal  to 
the  Diameter  of  Sirius ;   therefore  the  apparent ' 
Diameter  of  Sirius,   before  infenfible,  becomes  , 
known  by  calculation:  But  the  Son  and  Sirius  are  i 
fuppofed  equal;  therefore  their  Diameters  arc  c- 
quai;  And  therefore  theDiftance  of  Sirius  will  be  J 
to  the  Diftance  of  theSun,  as  the  Sine  oftheap-  ' 
parent  Diameter  of  the  Sun  to  the  Sine  of  the  ap- 
parent Diameter  of  Sirius,  or  (by  reafon  of  cAo, 
fmallhefs  of  thefe  angles)  as  the  apparenr  Dcimc- 
terof  the  Sun  to  the  apparent  Diameter  i  < 

therefore  the  Diftance  of  Sirius  will  be  iuitwu.  j 
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